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A veling & Porter, Ltd., 


RoCurEster, KENT, 
and 72, CANNON STREET, Lonpoy: 

STBAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 6030 


arrow & Co., Ltd., 
a ero ENGINEERS, 
SPBEDS UP TO 45 MILES AN HOUR, 


PADDLE OR SCREW STEAMERS OF 
ExocerrionaL SHALLOW DRavGur. 


Repairs on Pacific Coast 
By YARKOWS, LIMITED, Victoria, separ 


. Columbia, 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


les Limited, 
= INBERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, Row's 
CALORIFIERS, EVAPORATORS, ? p, rents. 
CONDENSERS, AIR HEATERS 
Merrill's Patent wipe STRAINERS ‘for Pump 


Suctions. 
eo “ening TRAPS, REDUCING VALVES 
lass GUNMETAL STEAM FITTINGS. 
rer SOFTENING and FILTERING, 5723 


Y arrow Patent 


Bag Fras 
6006 |. 
Merssas. YARRO & DERTAKE the . 


PRESSING and MACHINING of of the vastans parte 
of Yarrow Boilers, such as the Steam Drums, Water 
Pockets, and Superheaters for British and Foreign 
Firms not having the necessary facilities. 

YARROW & CO., Lrp., Scorsromm, Grasegw. 





Aste Mumtord,. £4. 


CULVER STREET WORKS, COLCHESTER. 
Own ADMIRALTY AND War OrrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOLLER FEED PUMPS. 

See Advertisement, page 29, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 


And Auxiliary Machinery as supplied to the 
Admiralty. 217 


CB Iron and Steel Bars. 


* PLATES sxp SHEETS. 


Stringer Brothers, 


WEST BROMWICH. 








6025 





Marine Diesel Engines. 


A » 
JOHN SAMUEL WHITE & COMPANY, Lrp., 
Shipbuilders and ~ 5758 
Ast Cowes, LW. 





{00'S pyarePecumatie ASH Ejector. 





b\O Great saving of labour, No noise. No dust. No 
oS Ashes disc 20 ft. clear of vessel.— Apply, 
F. J. TREWENT & P , Naval Archi- 


ROCTOR, Lrp. 
tec : and Surveyors, 43, Billiter Bldgs., Billiter St., 
London, B.C. Od 4835 


Petter QO! came 


Manufactured by 


PETTERS Limirep, Engineers, Yeovil. 
See our Illustrated Advt. every alternate week. 


\raig & Donald, Ltd., Machine 
/ TOOL MAKERS, Jounstove, near Glasgow. 


For class of Machine Tools see our Illustrated 
Ad ertisement every alternate week. 
Q heet 


oot Yfetal Gtampings, or 


S \ETSHERRIB ENGINEERING & FORGE eo 
50, WeLLuveTon StReET, GLascow. 

Qt eam Hammers (with or 

 ) without guides), Hand-worked or self-actin 

TOOLS for SHIPBU LDERS & BOILERMAKE ae 

DA V. 1s & PRIMROSE, Lauren, Lerrn, Eprsures. 


Prett’s Patent Litter Co. 


| — Presses, Furnaces, 
COVENTRY. 610 
} Dever, 


B Dorling & Co., Ltd., 


BRADFOR 
KI i H-OLASS ENGINES POR A ALL PURPOS ES, 
WINDING, HAULING, AIR COMPREESING 
and PUMPING ENGINES. 




















ranes.—Electric, Steam, 
mee and HAND, 


and sizes. 
/RORGE Russ ELL & CO.,, 
Motherwell, near Glasgow. 


/ T he Gea. Railway 


eering gaa’ 


Lon ndon Omics 13, Victoria Street, 8.W 
ocd Manor. 
RAILWAY CARRIAGE, WAGON” & TRAMWAY 


a se Sea ao also we 


Teldleva-He Steel Ta bes 





Lrp., 
5697 








Rees 










(\ampbells & Hanter, L 4. 


SPECIALISTS IN 
Drillers & Boring Machinery 
_ for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 


: “Yachts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Motors ; or Machinery supplied. Od 3551 





VOSPER & CO., Lrp., Broan Street, PorRTSMOUTH, 
Plank Locomotives 
Spettipedinn and Workmanship equal to 

n Line Locomotives. 
R, & W. HAWTHORN, LESLIE & CO., Lrp., 
ENGINEERS, N&WCASTLE-ON-TYNE. 


(Nochran 


See ne page 108. 





MULTITUBULAR AND _ 
, CROSS-TUBE TYPES. 


a ers. 
5734 


(Yranes. > Steam a and Electric. 


STEAM NAVVIES, GRAB CRANES, 
SHIPS DECK MA MACHINERY. 


~) ohn H. Wilson &Co., Ltd. 


Dock Roap, BIRKENHEAD. 
London Office :—15, Victoria Street, S.W. 


“|TTthe Norman Thompson 
Fug ght Co., Ltd... ater. 1900) 


CorrnacTors TO THE ADMIRALTY. 


“THE FIRM WHO GAVE THE FLYING BOAT 
TO THE NAVY.” 
ALL BRITISH BUILT. 


Works :—Mippieton, Boenon, Brananp. 
London Office :—Dewar. Housg, 11, HayMarxker. 
Telegrams—“ Soaring, Bognor.” Telephones— Bognor 48. 
“Entiflyte, Charles, London.” Gerrard 7385 


" Gripoly ie: 
MACHINE BBLTING 
Dtivize 


onveying 
C 


Biilevating 





6165 








Sore MANUFACTURERS 


L°*'s & Ty lor, Ltd., 


[tubes, Iron and Steel. 
Edwin Lewis & Sons, Lid., 





Wolverhampton, _ sass 
[tubes and ‘Pittings, 
IRON AND STEEL 

> aurea and | Pesach L'4 


OSWALD ST, 
BROAD stkenr HAMMIONS, BI BIRMINGHAM; 
and LONDON OFFiCK 
m, Oty Broap Srareer, B, e: 


WINCHESTER 
LONDON WA RRHOUSH-167,0 rn. THAMES ST.,B.0 
Seen WAREHOUSE—43, Panapise Sr. 
MANCHESTER WAREHOUSE, DEANSGATE, 
pry tas WAREHOUSE—132, Bure Sr. 
BIRMINGHAM WAREH OUSES_Niux STREET, 
Samupeoees Srreer, and 10, CoLesmiit STREEtT. 


See Advertisement page 28 5701 


Plents ( OARBON 





DI--OXIDE 
for Chemical & Mineral Water Mfrs. & Breweries. 


Reap & CaMPBELL, » 109; paar oy Ste London, 
S.W. Telegrams—* ‘Valorem, London 


CO? Fire —— 


for Publicand Private Bldgs., Blectric a &c. 

THE BRITISH FIRE APPLIANCES Co. ».. Ltd Victoria 

St., London, 8.W. Tel ry bbe te 
rittall. 


wy bebe: 


CHEMICAL AD ANALYSIS. 


~ | Physical Tests. 

Microscopical Examinations. 

Heat Treatment & Pyrometer 
Tests. 

Critical Range Determinations. 


ScaLE OF Fees ON APPLICATION. 


THE CRITTALL MANUFACTURING O©0O., Lrp., 
BRAINTREE, Essex. 


Chief Metallurgist, H.S, PRIMROSE. 


Cirittall. rittall. 
bs 6217 
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rators 
z— 


S25 | & 


ER 
ACKINGS. 


rinceps & Co., 
ANE F cima: 5191 


“é W. Maclellan, Limited, 


CLUTHA ple art GLasaow, 


MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &v. 
Chief Offices ; 129, Trongate,Grascow. Od 8547 
Registered Offices: 1084, Cannon ‘St., London, B.C. 


CHANTIERS & ATELIERS 


ugustin - ormand 
A N 


67, rue de ae IT ta HAVRE 


MBFALLIC 














eee 5385 
The Scottish Tube Co., Ltd., 
“Haan Orriox: %, Roberteon Street, Glasgow. 
See Advertisement page 77. 








3890 
‘ “OARDIFF. 5484 poamta pa eae aati 
: * as G “. N mas = ag ater-tu eye or 
sweet Get: New Ohicago Automatics, 
(Tubes and Fittings. Pendabie 


NEW.CAPSTANS, 14 in. through the wirs feed. 


° JOHN MAOCNAB, Manx Srneer, Hype. 


Pel. No.s 78 Hyde. 6819 


-j ohn Bellamy 1 Fumi 


MILLWALL, LONDON, 
GENERAL ConsTRUCTIONAL epcaee 1216 
Boilers, Tanks & Mooring Buoys 
Stirurs, Perrot Tarks, Ain Recrtvens, Steen 
Curmyrys, Riverrep Bream and pans Ey 
PIPEs, Hoppers, Sproat Woark, 
ALL KINDS, 


RALLWAY CARRIAGES, BLBOTRIO CARS, Ac. 


Het Nelson & Co 1 {2 


Tue Giascow Romine Srock aND PLANT ose 
MoTeERWELL. 


He ‘Wrightson & OQ 
LIMITED. 


Repairs oF 








See Advertisement page 63, Aug. 31. 9402 


o Motor-Generators, West- 
h periods, 
Genentor 10 6 “hgeds three-phase, 60 
ne ‘oto: periods. 
One D.C. MOTOR or  GHNMRATOR, 6 675 r.p.m., 
ms ot do 440/550 volts 


200 Kw. GENERATOR, 50 periods; 
2200 — a aisered’ tor ales 





t could be readily 
vol 
JENNINGS, 
West Walls, Newcastle-on-Tyne. 2048 


Gteel (iestings. 


THOMAS SUMMERSON & SONS, Lrp.,; 
DARLINGTON, mre 








GOLD MEDAL-Inventions Bxurareim- Awanpem, 


uckham’s Patent Suspended 


WEIGHING MACHINES.— FERRY 
ROAD ENGINBERING WORKS COMPANY. Lap. 


Loypon, B.—Hydraulic Cranes, Grain B 
"See Illus, Advt. last oe ae 


R. Heber Radford, Son « Squire, 
ENGINEERING, IRON anp STEEL WORKS 


Valuers. 
CONSULTING ENGINEERS, REFERERS, AND 
ARBITRATORS. 





Established over 50 years. 


5545 
St. JAMES ROW, SHEFFIHLD, 
Sohigaansa’ “ Radford, Sheffield.” Telephone: 425, 


Robber MANUFACTURERS 


Steam and 
Hose Air Drill 





GUTTA PERCHA & RUBBER, LIMITED, 
Toronty - - Oanada. 


(‘entrifugals. 


Pott, (assels & Williamson, 


MOTHERWELL, SOOTLAND. 





——_ 


e 6246 
See half-page Advertisgment page 85, Sept. 7. 
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ENGINEERING. 


(Seer. 2t, 1917 








ASSOCIATION, 
in the Application 


STROMEY BR, M.I.O.B. 
Farrpairy. 


ties Bxplosions. 
and Boilers foobected 4 during construction, 5884 
BNGINEBRING AND TBCHNICAL OPTICS: 
N orthamp ton Polytechnic, 
Sorcenen:te Joun y Sree B.C, 
ENGINE BRING DAY COLLEGE. 


Foll Day Courses in the theory 
Civil, Mechanical and Electrical 





neering. those in Blectrical Hingineering in- in- 

e specialization in Radio-Te ee: oe 
Fixvamination on Tuesday and Wednesday, 25th por 
26th Saptember, 1917. These Courses inciude periods 
spent in commercial workshops and extend over four 
Hg They also prepare for the Degree of B.Sc. in 
conte at the U ag of London. Fees, £15 


11 por annum, for competition 


neering. and in Automobile and 
ud 


the value of £52 each wilt be offered for 

at the entrance examination in September, 19 

Courses tn thin important department ot Applied 

rses in mportant ent o' 

Science will be given in oy nay ally equty enetpess once 

tories and lecture rooms. ‘Scholarship 

(value £30) will be offered .~ this department at 

the entrance examination. H 461 
Fall particulars as to fees, dates, &c., and all 

information respecting the work of the Institute, 

can be obtained at the Institute or on application to 
R. MULLINBUX WALMSLBY, D.8c., Principal. 


UNIVERSITY OF LONDON, 


(joldsmiths’ College, 


NEW. CROSS, 5.E. 


The NEW SESSION commences MONDAY, 24th 
SEPTEMBER, 1917. 
Bnroilment commences 17th SEPTEMBER. 
8 lal terms to those enrolling before 22nd 
SBPTEMBER. 
whe eg DEPARTMENT. 
Head oF DEPARTMENT 
w.d. LINBHAM, Se. MLC.MLM LMR. M.LB.E, 
COMPLETE COURSES are provided in Mechani- 
cal, Hlectricat, and Constructional ratton for te 
Building and Architecture } } also 
examinations for London Univers ase 
in Engineering, Institution of 
Oity and Guilds of London Insti 
instruction in nif oi > Fitting and Machinin 
Pattern Makiug, G@ Supply, etal Plate W: 
Land urveying Plumbing, rawing Office Practice 
Tracing, and Worksh op Processes. The Course 
Certificate of the College conte jw menage 
study, and the Di for Hi 
Time Tables and all particu Leng met ma be obtalned 
at the ene Neve A. an +. oe 
WARDEN ~ 748 
8.E. 14, 





Mdolaamne a 

alka Kaithi Laliged ow Oross, 8 

LONDON COUNTY COUNCIL. 
venin 


Dv and 
ENGINEERING 


(CIVIL, BLECTRICAL, MBCHANIOAL 
MARINE), 


Olasses in 


AND 
are neld at the undermentioned institutions main- 
tained by the London County Council :— 
Hackwey Instirvre, Dalston Lane, E. 8 
(Mechanical and Electrical). 


Pappineton Tecmynicat Iystircrs, Saltram 
Crescent, W. 9 (Mechanical and Blectrica)). 


ScHOOL oF ENGINEERING AND Navigation, High 
Street, Poplar, B. 14 (All except Civil 
Mngineering). 

Wrsrmiveter Tecunicat Institute, Vincent 
Square, S.W.1 (Civil HBngineering in the 
evening). 

In most — Persons under 21 =e for 
bona fide 
engaged in the Trade are admitted tree. 


Full pectuses may be obtained on a 
to the Beeretaries of the respective institutions. 


JAMES BIRD, H 664 
Olerk of the London County Council, 





niversity 0 of London. 
> aontet se OF ARCHITROTURB. 
The Universit; “yg Fe tect 
e Unive Archi 
University Coll Se traning ~ 
stadents wishing to enter the 





lege provides a 
} 
fession, as weil as for those who have alee 
“eThe Day Courses for the B.A. Degres Flovour 
or the B.A. 
fa Architecture extend over three : 


Course for the See in te Architects, eotate 
extends over two or t 


its who take thelr Degree or who recelve a 


First-class _v = Certificate 
the - Interm enti a at the Ravel 


Institute of Brith 
Special 


taken by the Senms on 
EVENING CLASSES. 
in 


Design has been suspended fo for the destiion en of the 


“> the DEPARTMENT of TOW by money 
conducted under the direction Prete ‘e 


SI fiafion 1917-1918 OPENS on MONDAY, 


Por seesiiiaiabies 
eRe ee MA, DL ee 


Swreeks WO) nt sk 
AL ear 
- er 2) 


el H@ckzey, 





LONDON COUNTY COUNCIL. 


Institute, 

LANE, N.E. 

eee ee oe coeen (G.E.R.), and 
Hackney Station (N.L.B.)). 


SESSION COMMENCES 17th SEPTEMBER, 1917. 


Evenn yh and Lanoratory Coursks 

are held Mechanical Engineering, Motor En- 
ng and Electrical Engineering subjects. 

seadeee yeetperees and full information apply to the 


JAMES BIRD. H 685 
Clerk of the London County Council. 


Gouth - Western Polytechnic 

INSTITUTH, CHELSBA, 8.W. 3. 
UNIVERSITY and TECHNICAL DAY and 
EVENING COURSES in MECHANICAL and 
ELECTRICAL ENGINEBRING commence 24th 
September, 1917. 


Scholarship Examination, 
Ten a.m. 

Apprenticeship Scheme for Engineers. _ 

Prospectus on application to the SHCRETARY 
(Room 24). 

Telephone: 899 Western. H451 


City and Guilds Technical 


COLLEGE, FINSBURY. 
(Leonarp Street, Lonpon, E.C. 2). 


CIVIL AND MECHANICAL ENGINEERING. 
. MARGETSON, M.Sc. 

ee BNGINEERING. 

W. Bocres, A. 7 Os. M.I. M. E. 


foray. ‘Sian STRY. 
-G. T. Monean, Se FES. 


The training is adapted t to the needs of popils 
from Secon Schools above the age of 15, and 
men who, having previously served a pupilage or 
apprenticeship in works, desire to go through a 


more systematic trainin 
oa Uollege contains Buoratories and workshops 


for instructio: purposes, including 

ne and a Hiytewelie Laboratories, Drawing 
Haghacert etal Worksho Mechanics, 
Physics, MGioctéloal and Chemical Labocahacion, and 
Dynamo Rooms. ies chibihiet Kehercites 


A con 
[Pr weet sof, Han cbs, ha special consideration 9 ‘v 


trance Examination wat be ra held on 
sept of non isch, a the su of Mathematics 
English, but the Matriculation Examination of 
|" British bake yas is accepted instead. 
o fees are £20 ri wail annum. 


— other information, mi 
leation to the REQIST 
the above address. 


THE MANCHESTER MUNICIPAL 


Gchool of Technology, 


Unrvursrry OF CHESTER 
(FACULTY OF F TECHNOLOGY). 


ig: boa COURSES It IN TECHNOLOGY. 





17th September, 





Prof, 





rticulars ef Admission, 
ggg of be orang 


be had post 
RK of the College at ot 





éch. and M.Sc. Tech.) in the 
» in the follo 


Municipal) BNGI- 
N N 
THE CHEMICAL {IMDUSTRIES (including 
Bleaching, Galice Pris > 
Metallurgy, Fuels, Pormtatatlon Indus. 


THE TEXTILE INDUSTRI IBS, 
PRINTING AND PHOTOGRAPHIC TBOH- 
Tt 


AROCHIT 
pg te ye STUDY AND RESHARCH. 
The School of Techno possesses extensive 
laboratories and workshops, equipped with full- 
~— and apparatus, including 


moderna machinery 
pe be ad machines of the poet ogee use, 
worpn~ Le pw og for demon- 
stration and research, 
Prospectuses of the dye rer 4 Courses, or of =~ 
forwarded free 


Part-time Courses, will be 
application to the RBGISTRAR Hl 1 


or UNIVERSITY OF LONDON 
Kine s College.—Faculty of 


ENGIN BsUby. 





a Col ne course provides, in addition to the | Pueaine 
academic training, opportunity for practical train- 
ing in “ WORKS.” ohne unger 


HBADS OF DEPARTM 
Profemer D. 8. Oaprer, M.A., 

Milmst.0.B. no aes ae - sos reor a 
Professor “ HH. pe age M. 8e., Civil 
seers » Wiisox, “M-lnst.0.8., Blectrical 


ae, oon Engineering 
Professor 8. FP. Warrr, M.A., Pro- ne 


fessorJ. W. NICHOLSON, M.A.,D.Sc., | Mathematics 
Professor H, Jacnson, F.1.C., Pro- 

fessor A. W. OrosstEy, D.Sc., Chemistry 

Pe Dae} Pageics 
K. Ruperpeton, Metallurgy 


grees 
ibe. 





F[thePol RegentSt.,W. 


iL OF nie, Peat 


¥ DEPARTMENT: (r: HBNRY J. SPOONRR, | fe 
aL Mech... A M.Inet.C.B., MInat..A.B..¥.G.5. 
The DAY DEPARTMENT RE-OPBNS on 18th 

8B PTEMBER, 1917. 
EB BXAMINATION.J7th SEPTEMBER, 


and Field. annum. 
“y G DEPARTMENT PENS on lst 
OCTOBER (Students enrolled from 24th to 28th 
SEPTEMBEL, Seven to Nine o'clock). 
Fall Prospectuses, &c., free on application 


on to— 
THE DIRBOTOR OF EDUCATION. 


Ls C.E., L Mech.E., B.Sc., 


owe all Bs Be kee Examinations.—Mr. G. P. 
Inst. C.E., F.S.L., 

Mt 4 hee L., PREPARES CANDIDATES personally 
or by correspondence. Hundreds of successes. 

Courses may commence at any time.—39, Victoria 

St., Westminster, 8.W. 6157 


M.I.C.E. and A.M.I.M.E. 


A. Tuition. Also Postal Courses in Mechanical 
neering, Aircraft Design and Mathematics,— 
Pa INNING ions, 254, Oxford Road, Manchester. 


facmmee—naiearirstiectnaaese 








ager class Account int 


Wits, BOX 4 e “iad, care of 
Cullum Street, B. 


Reguizes for Controiled 
nae mo Works in the West. Midland; em- 
ple ng. - 30 men, - eke aoe ea Capable of 
ull charge o an is 
beowring a knowledge of the electrical trad im 


ferred. Position 
one em _ on Government work will '. = 
tate age, ex ired. 
EMPLOYMENT EXO’. Gm, 





permanent and progressive. No 


ty. your nearest EM 


ing this Journal and H 801. 


‘Wanted, Confidential Clerk 
for M Office, 

tom tn Mancheaet auie "dood etensgrs rick hee 

pt iate ‘ 


accustomed to engineeri: 4 
Office arrangements, &c. g person already on 
. State age, fa 


——— nae pons will be 

of experience © an are ir 
Appl iy, , your = Cmeacteetveran id XCHA A ai 
quoting No. A 


Wanted, an Experien: ed 


Cost a. for latge Aeroplane W orks 

near London. Good salary an pects to the 
right man. Must be ineligible. Noone at present 
engaged on yin work need — Apply, 
your nearest EMPLOYMENT EXORANGE. men- 











APPOINTMENTS OPEN. 
WIGAN AND.DISTRICT MINING AND 
TECHNICAL © COLLEGE. 


Applications a are Invited for|™ 


ntment of INSTRUCTOR in 
eering Workshop Practice 
Candidates should have -had a good worksho mR 
experience, weenmieetione in machine Sracwtee wil 
be a recommendatio: 
scale 2150-2180 together with war bonus 
of 10 per cent. 
Previous experience may be considered in deciding 
initial salary. 
Further information may be obtained from the 
undersigned, to ae applications should be sent 


as early as possible. 
. 8. CO. LAWS, M.A., B.8c., 
Principal. . H 849 


COUNTY BoRoUGH OF HUDDERSFIELD 
ECHNICAL COLLEG 
Principal: 2: F. "Hubsom, M.A, B.Sc. 
hief Assistant Lecturer. in 
Mechanical Engineering REQUIRED, at 
once. Appointment for duration of the war in first 


instance, with prospect of permanency. Salary 
£200, Further particulars on application to the 
Secretary 








T. THORP, Secretary. H 746 
BATTERSEA POLYTECHNIC, LONDON, 8.W. 11. 


The Governing Body invite 


A PPlications for the Post of 
ASSISTANT LECTURER and DEMON- 
STRATOR in Electrical <n mempey F hag £200. 

Full particulars on a to 
SHORMTARY. H816 








PRACTICAL POUNDRY MANAGER. 


Stanton. lronworks 
MPANY, LTD., near Nottingham, 
bg in the immediate futmre a Practical 

to act sey 


tioning this Moar and H 8}1. 


anted at Once, Good All- 

round CHEMICAL ENGINEER, t> take 

charge of the whole of chemical t, boiler, pumps, 

} engines, mills, &c., &c. Good salary forsuitable: man, 

Must be over milit age. Must be over military 

fF Splendid opening for right. man.—Acciress, 
766, Offices of ENGINEERING. 


[pstructor 1 in Practical Mathe- 


maties, Mechanical Drawing, Ac., for (lasses 
in connection with a large Engineering Works in 
the Midlands. No one already engaged on Govern- 
ment work eligible. HARGE, ne our nearest 
a XCHANGE, quoting Ref. No. 
H 803 


W anted, Assistant Works 


MANAGER, for Controlled Establish ment 
in the Manchester area. Must be energetic, able 
to control men and bave a good knowledge of tools 
and workshop or, sation. Only experienced 
men need apply. Permanent position to suitable 
man.—Address, stating ex ence, age and salary 
required, H 805, Offices of ENGINEERING. 


Ks gineer Required, in Con- 

nection with the erection of large Hagine ering 
Works, London, N.W., to take charge of plant, lay- 
out, and installation of heating, gas, electric light 
and power, and generally to supervise the equip- 
ment of the factory. Ne one on Government work 
or resident more than 10 miles away need apply for 
pone position.—Applicants should write, stating age, 

rience and sa Ar epi to H. C. 474, SELts, 
it .. Fleet Street, H.C. 4 Hi 860 


irst-class Mechanical Engi- 
NEER, for production of a large Seaniber of 
accurate and interchangeable parts. Must have 
first-class knowledge of methods of production and 
automatic machine tools. No one resident more 
than 10imiles away or already on Government work 
will be engaged.—Apply by letter, in the first 
instance, stating fully ex e and salary 
required, to E. C. 454, Seis, Lrp., Fleet St., ry - 
> 




















Assatant to the Foundry 1 
view of assuming control of ve ople, De 


pleations of Pi 

ving full 

 — be addressed 
UNDRY GuNERAL MANAGER. 
KENT BDUCATION COMMITTEE. 


ERITH TECHNICAL INSTITUTE. 


Headmast er— 
WILL Haase, Bm B.8e.. A.M.1.Mech.E. 


Req equired at t Once, Another 


full-time ASSISTANT to give instruction in 
the Day and ef Classes, either in Mathematics, 


ng a 
a: ¥ 
Application forms 


partment, 
FR > Poantey not 
‘oun 
particulars of 
to the 
H 70r 





may be 


from 
Mr. RTHUR T. FLUX, Organising Secretary, | ¥! 


ucation Office, Belvedere, Kent. 
’ FRAS. W. CROOK, 
Secretary. H 844 





Sz Bee a8 Required for for | 3 

t Shift for a 
Saeee nos seteaphnge of eqnall bad 
ee ae No 


nearest. EMPLO OYMENT , 
wipe te dost ‘quoting Reb. No. A 3600. H 802 


Night Se Superintendent for 


Oh Vente 1 Landon 
district. -Must te gy 


versant with SS machine ee mass | 
production of - dgenek accurate parts; must also 
good organiser and No 
[may Potente ym age miles away, or already | Exarweerin 
on Government work will be i 4 


aor Econ Be 





0 La, Pet 
H 821 











anted, Assistant Estimator. 

Electrical knowledge essential. No one 

resident more than 10 miles away or. alread 
pom gpd on Government work will employ 

rtunity for suitable man to obtain sole 

_ department of an engineering works. 

H 726, Offices of ENGINEERING. Bes 





control of 

Wanted, Engineers 
experienced in estimating cost prices of 

machining work. No one resident more than ten 

— away, or already on Government work will 

be engaged. —Apply, A.D.T.C, Room 38, pie vpole 

Hotel, London. 1 823 


A Ssistant Engineer Wanted, 


for Blast Furnaces and Rolli Mills on 
North-East Coast. Sound 1 and technical 
Experience 

advantage. Appli- 

— ag 7 ack _ FA pare position in ‘urge 
engaged on Government 
ees + om full par- 
ac., your 

EX cbuanan, re 





“no ‘will on em 
ticulars as to 
nearest EMPLOY BN 


W fonted. Experienced Enzi- 
NEER, to Take Charge of eatimatin,. cor 
tv ne mesigat designing, Government stati-\ ics, 
» and general organisation in firm employ- 

~ & on lo work. Miscellia:cous 
heavy machinery.— H 845, OGces of of Ewer ern: NG. 
Assistant, 
liam <n! ub 

way Wort) y mBaU IRB 


er = 
references 3 particulars, H 84, ore, Shee 


M=. ‘thotake Olargo of 
ATS FEETOO be Sina Bs 


wa orks 
tale nt to ae o 
es 











Appli- 
rend as sell 


engaged 
not right 


Seiad Gait Pool Sree 
Mc Wan Wanted, to Control Staff 
eer for distribating x 

- mo oat Spa ee ‘ay a 





ut 





trade pre- 4 

















Retien 
























































SEPT. 21, 1917.] ENGINEERING 293 


THE BARCELONA TRACTION, LIGHT stand-by station and turning to account the water | one, the Sociedad Catalana de Gaz y Electricidad, 

AND POWER COMPANY. power available in the rivers Noguera Pallaresa, | which provides the city of Barcelona and its suburbs 

é f Sach £ Segre and Ebro, from the township of Pobla down | with gas, and to a limited extent, also with current, 

By A. Hueuenin. Director of Messrs. Escher Wyss |to the Mediterranean (see map, Fig. 1). For| the latter being generated, so far, in a steam-driven 
pce and Co., Zurich, Switzerland. } | carrying out this programme the company formed | plant in Barcelona. 

Tue late Dr. F. S. Pearson organised, four and 'the Ebro Irrigation and Power Company, Limited,| The hydraulic power development of the Pearson 
a half years ago, the Barcelona Traction, Light | with offices at Barcelona. A competing French|company may be divided into three sections. 
Work was commenced at Seros, where the power 

: available is about 60,000 h.p., develo under a 
FF FB AWCSE head of about 50-m. (164 ft.), ntllicine the river 
Segre from Lerida downwards for a distance of 
about 30 km. (18.7 miles). Operations started in 
December, 1912, and current was delivered in 
Barcelona as early as April, 1914. 

The second section, on which the work is now 
practically completed, comprises a very large 
reservoir on the River Noguera Pallaresa, formed by 
a dam 80 m. (262 ft.) high, the head being about 
150 m. (492 ft.). There are to be two power stations, 
of 50,000 h.p. and 60,000 h.p. respectively, the 
upper one located near Tremp, less than one mile 
down-stream from the dam, and the second one 
10 miles further down-stream. 

The. third section will turn to account the River 
Ebro, near Fayon, where a concrete dam of about 
420 m. (1,378 ft.) long and 60: m. (197 ft.) high is 
contemplated. In this section the power station 
will develop a minimum of 150,000 h.p. per 24 
hours, and is to be equipped for a total of 300,000 
horse-power. 

Messrs. Escher Wyss and Co. supplied for the 
first section at Seros the whole mechanical equip- 

ss : ment for the power-house and all the pressure mains. 
Tron ebalins already executed: They supplied the corresponding material for the 
LE. $ -_projected second section, including the whole equipment of 
Fic. 1. Map sHOWING THE Company’s HypravLic Power Stations AND Hiau-TEnsion Marns. emcees < oma They pe Ba peseen Sy ike evaliens 
2 mains and turbines to the French company for the 
TT Capdella power station, there being five turbines 
of 8,800 h.p: each, under a head of 850 m. 2,788 ft.), 
and also all the turbines—of 10,000 h.p. each, 
running under a head of 135 m. (443 ft.)—which 
are installed by the Spanish company on the River 
Essera, at Seira, together with the pressure and 
distributing water mains. 

Taking, in the first place, the second section at 
Tremp, the dam, as we have already stated, is 
80 m. (262 ft.) high, and its length at the crest is 
203 m. (666 ft.). The dam raises the water of the 
Noguera Pallaresa to elevation 540, maximum 541, 
forming a reservoir of about 11 km. (about 7 miles) 
in length, which extends as far as Pobla (see map, 
Fig. 1), and provides a volume of 197,386,000 
cub. m. (6,909,000,000 cub. ft.). The diagram, 
Fig. 2, shows the general hydraulic features of the 
discharge of the Noguera Pallaresa river without 
Fic. 2. Frow or THE NoGUERA-PALLARESA RIVER. the dam and of the discharge regulated by the dam 























1909. 1910 191 


Fie. 3. Frow or THE Esro at Fayon AND OF THE RHINE AT BASLE. 


and Power Company, Ltd., which had purchased , company, the Energia Electrica de Cataluiia, started | for the years 1912 to 1915. The curved marked 1 
practically the whole stock of the Compafiia|to develop the hydraulic power available south | is the discharge per second averaged every ten days, 
Barcelonesa de Electricidad, and also ten other | of the Pyrenees on the River Flamisell, at Capdella,| after deduction of the water for irrigation; the 
smaller companies. The object of the new company |at about the same time as the Pearson company |curve No. 2 is the natural annual discharge ; whilst 
was to supply electric current at cheap rates to|commenced operations. The French company had | that of No. 3 is the maximum attainable discharge 
the whole of the Barcelona district, and its pro- | first built a steam-driven powerstation at Baddalona, | per second by complete utilisation of the water in 
gramme included the conversion of the existing a short distance north of Barcelona and on the sea | the reservoir formed by the dam, namely 197,386,000 
steam-driven power station at Barcelona into a| coast. There is also a third company, a Spanish |cub. m., or 2,282 day-cubic-metres, between levels 
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THE WORKS OF THE BARCELONA TRACTION, LIGHT AND POWER COMPANY. 














Fic. 9. Dam on THE River NoGuERA-PALLARESA AND TREMP PowER Hovse. 














Fic. 10. Dam rn Course or Construction ; Up-Stream Sipe. 


permissible variation in the water-level guaranteed 
by the manufacturers amounts only to 15 cm. 
(about 6in.). Automatic gates on this system have 
been put down and have given excellent results in a 
large number of instances. The overflow water is 
carried into the cutting C, Figs. 4 and 5, excavated 
in the rock on the left-hand bank, and thence 
discharged into the river, as illustrated in the view, 
Fig. 29 on Plate XXVII, which also shows the 
pump-house, marked P, in Fig. 5. The culvert 
N O, built to divert the river whilst the dam 
was in course of construction, was ultimately filled 
a concrete, starting from the down-stream 
end. 

The Tremp power-house is about 800 m. (} mile) 
below the dam, and the turbines run under a 
maximum head of 70 m. (229 ft.) and a minimum 
head of 30 m. (98 ft.). It contains four turbines, 
which are capable of taking 72 cub. m. (2,540 cub. 
ft.) per second. The supply is, however, at times far 
in excess of their demand, which is the reason why 
the Spanish Government has required the company 
to provide for the overflow discharge of 2,000 cub. m. 
per second above-mentioned. Owing to the ground 
on the down-stream side sloping very gradually, 
the pressure mains have a very small gradient. 
They have to carry a maximum volume of water 
of 60 cub. m. (2,120 cub. ft.) per second, so that 
their cross-section is a comparatively large one. 
The first portion of the mains is laid in a tunnel 


blasted out of the solid rock on the left-hand side 
of the dam. The first portion in question is built 
up of riveted pipe lengths, 4 m. (13 ft.) in diameter 
(see Fig. 6), securely fixed to the outside concrete, 
whilst the lower portion, from E, in Figs. 4 and 5, 
consists of two parallel pipes, 2.8 m. (9 ft. 2 in.) 
in diameter each (see Figs. 7 and 8), laid ina cutting 
in the rock and embedded in concrete. The method 
followed does away with the necessity of providing 
expansion joints at the three bends, which is a 
decided advantage, considering the large diameter 
of the pipes. The concrete mass covering the pipes 
being itself covered with earth about a yard in 
depth, expansion and contraction due to variations 
in the outside temperature are very small in extent. 

The head gates and screens for such a large 
quantity of water and so great a pressure as 40 m. 
|(131 ft.) had to be very carefully thought out. 
They were designed and built by Messrs. Escher 
Wyss and Co. There are four inlets, 5.5 m. (18 ft.) 
high and 1.6 m. (5 ft. 3 in.) wide (Figs. 11 and 12, 
on Plate XXIV), each of which can be closed by a 
sluice gate. It was considered necessary to provide 
screens, and in order to so arrange these that they 
may be cleaned at any time, two movable screens, 
each 8 m. (26 ft.) high, 2 m. (6 ft. 6 in.) wide, with a 
clearance of 30 mm. (1,%, in.) between the bars, have 
been fitted, fully equipped with lifting rods to raise 
them out of the water above the highest water- 
level. It was, further, deemed advisable to provide 





for rough screening, and for this purpose screens 
having a clearance of 100 mm. between the bars 
(shown in the view Fig. 30, on Plate XXVII) have 
been fitted also. All the gear for operating the sluice 
gates and lifting the screens has been arranged in 
the small house built directly above the sluice 
gates, and shown in Figs. 13 to 15, on Plate XXIV. 
The gates are illustrated in Figs. 16 and 17, on 
Plate XXIV, and in Figs. 18 to 21, on Plate XXV. 

The designing of the gear for operating the sluice 
gates was somewhat complicated. The lifting bars 
had to be made as strong and as light as possible, 
to facilitate lifting a gate out of the water whilst 
the plant was in operation, and hence the bars 
were divided into lengths of 6 m. (19 ft. 8in.) each, 
formed of wrought-iron pipes, 500 mm. (19 in.) in 
diameter. The house containing the operating gear 
was designed to allow of taking the lifting bars to 
pieces should occasion arise. Each gate is provided 
with by-passes, shown in Figs. 18 to 21, and in detail 
in Fig. 22, on page 294. These by-passes are open 
both on lifting and on lowering the gates. The 
whole design ensures the maximum strength with a 
minimum weight, and offers the further advantage 
that each 500 mm. tubular lifting bar acts at the 
same time as a vent for the pressure main. The gates 
can be operated both by power and by hand; the 
latter means takes much time, but its provision 
is useful in case of an emergency. 

Having regard to the great importance which 
attaches to these head gates, it was decided te 
provide at E (Figs. 4 and 5) a butterfly valve, 
2.8 m. in diameter, in each of the two branch mains ; 
these valves are operated hydraulically, and by hand 
when the water-level in the reservoir is low. Further, 
in order to provide for the untoward circumstance 
that one of the four sluice gates could not be closed 
through any cause, it being necessary to cut off the 
water supply rapidly—a condition which is other- 
wise required for maintenance and repair—the 
inlet shafts have been made with grooves for 
taking special built-up emergency gates, shown in 
Figs. 23 and 24, on Plate XXV, which allow of 
closing the pressure main even when the reservoir 
is at its highest level. These emergency gates are 
operated by a travelling winch electrically driven. 


(T'o be continued.) 





CRITICAL LOADS FOR LONG TAPERING 
STRUTS. 


By ArrHur Morey. 


I. Introductory.—The critical axial load for a 
straight strut, so long that it fails entirely by 
flexure, is found by solving the equation 

Er ?Y —M (1) 

d x 
where y is the deflection ‘of the centre line of the 
strut from its original position at a distance z from 
an origin chosen in the centre line, M the bending 
moment produced by the axial load, E Young’s 





modulus for the material, and I the moment of 
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inertia of the cross-section about an axis perpen- 
dicular to the plane of bending. 


Taking the simplest form of end conditions in 
Fig. 1, one end O being fixed and the other end A 


being entirely free, the bending moment at Q is 
(2) 


In an article in Enorvgerrne* the writer has 
shown how, when I is not constant, but a function 
of z, P may be found by assuming a reasonable form 
of y as a function of x. Briefly the method is to 
substitute for y and integrate the equation (2) twice 
with due regard to the end conditions, and so obtain 
a new value for y in terms of P, and by substituting 
the new value y at, say, x = I, to solve the resulting 
equation for P..A new and, in general, more 
correct value of y as a function of x is obtained, and 
repetitions of the process (if necessary) yield suc- 
cessive approximations to the true value of P, 
which is approached as a limiting value. With a 
shrewd choice of the original form of y, not more 
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than one or two approximations will be necessary 
to yield a substantially correct result, and the 
correctness may be judged by the degree of change 
in successive values of either P or y. 

In a later articlet Messrs. Bairstow and Stedman, 
referring to this method, wrote, ‘“‘ The application 
of the method, however, appears to be somewhat 
difficult if the variation of the section of the 
columns does not take one or other of certain 
specified forms,” and then proceeded to describe 
what they considered a more generally applicable 
method. 

The writer does not agree with their view, and 
proposes to indicate how the method he has de- 
scribed can very easily be applied to the most general 
cases, including the numerical example with which 
Messrs. Bairstow and Stedman illustrated their 
article. He proposes at the same time to briefly 
describe an alternative method *o that of Messrs. 
Bairstow and Stedman and to show that their 
numerical results are erroneous and why they are 


80. 

Il. Illustrative Example.—The spruce strut used 
by Messrs. Bairstow and Stedman to illustrate their 
article was symmetrical about a central plane 
perpendicular to the longitudinal axis, and was 
hinged at each (thin) end. The critical load for 

“* April 24, 1914. 

+ “ Critical Loads for Long Struts of Varying Section,” 

ENGINEERING, October 2, 1914, 


values of M/I are written down it is easy to estimate 
very nearly the value of M/I at 2 = 0.025 1 for cal- 
culating the special value of $i from x = 0 to x = 
0.051. The values of M/P, M/I P, E.8i/Pl, &c., 
are shown in Table I, where y, = 1. 


such a strut is the same as that for a strut of half 
the length entirely free at the thin end and firmly | 
fixed at the other (thick) end. This strut is defined 
by the following values of I, where z is measured 
from an origin taken at the fixed end. 





| 





ajt oS..} 0. 0.2 
| } | 


0.5 | 0.6 | 0.7 | 0.8 
| 


| 0.365 | 0.340 | 0.810 


| 





0.385 








| 0.395 


I 0.130 


0.400 | 0.275 0.235 0.190 0.060 





| The table has been written in full for the sake 

| of clearness and checking the work, but columns 

(6) and (8) are, of course, not necessary, being 

| obtained (after the first increments) by moving the 

| decimal point in the respective preceding column 
M=P(yw—y=P(1- 2) yn he ~onh 

B (4) | The increments 8 y are, of course, properly calcu- 

M/P = (1- =) Pa |lated from the values of i midway between the 

L | ends of the increments terminated by sections at 

As y is everywhere proportional to y,, the value | 0.1 J, 0.2 1, 0.3 1, 0.9 1, 1.01 from the fixed 

chosen for y, is immaterial, and in approximation | end, i.e., from values of i at 0.05 1, 0.15 1, 0.25 1, &c., 
may conveniently be taken as unity. | from 0. 


E = 1,500 lb. per square inch and / = 365 in. 
A convenient curve to assume for y in Fig. 1 is 
2 

Ya 


y= - (3) 


so that, 























‘TABLE 41. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (2a) 
r y M M. E : BS ; E E 
pA } I —+P =e i. y 
i Ya P I ale pa’’ | *¥Xop| 9% pp eo 
1.00: | ©.4 2.500 _ _ 0 0 0 
(0.025) (0.9994) | (0.3988) | (2.506) 
0.05 ; oo —_ 0.3975 | — 0.1253 | 0.1253 — — — 
0.1 | 0.01 0.99 | 0.395 2.517 = ‘| nw 0.0125 0.0125 0.0104 
0.15 = — | —_ _— 0.2517 0.3770 _ — — 
0.20 | 0.04 0.96 | 0.385 2.494 — —_ 0.0377 | 0.0502 0.0416 
0.25 a — | —_ — 0.2494 | 0.6264 — —- | — 
0.30 0.90 0.91 | 0.365 | 2.498 — | _ 0.0626 0.1128 0.0936 
0.35 — — — — | 0.2493 | 0.8757 — — 1. om 
0.40 0.16 0.84 0.340 2.470 | = | ees 0.0876 0.2004 | 0.1662 
0.45 — _ _ 0.2470 1.1227 | _— — _ —_ 
0.50 0.25 0.75 0.310 2.420 —_— | — 0.1123 0.3127 0.2595 
0.55 | — _ | — —_ 0.2420 | 1.3647 — _ - 
0.60 | 0.36 0.64 | 0.275 2.328 — — 0.1365 0.4492 0.3727 
0.65 ; — — | — — 0.2328 1.5975 — — | — 
0.70 | 0.49 0.51 0.235 2.170 — — 0.1598 0.6090 0.5050 
0.75 oo — — _— 0.2170 1.8145 — — — 
0.80 | 0.64 0.36 | 0.190 1.898 — —_ 0.1815 0.7905 0.6555 
0.85 — — | _— — 0.1898 2.0043 — — |; — 
0.90 0.81 0.19 0.130 1.462 — anne 0.2004 0.9909 | 0.8217 
0.95 —_ — — — | 0.1462 2.1505 -- — | — 
1.00 1.00 0.00 | 0.060 0.00 =| —_ — 0.2151 1.2060 _| 1.0000 
Totals to check 2.1505 1.2060 | 
Taste [a 
(14) (3a) (5A) (6A) (7A) (84) (9a) (2B) 
x | M M ce ee | E E u 
= + Pp éi x 7 > = 
7 P I PI * Di oy x op Y* op Ya 
0.00 .0000 2.500 — —_— 0.0000 0.0000 0.0000 
(0.025) (2.506) 
0.05 _— _ 0.1253 0.1253 — — — 
0.1 0.9896 2.505 — —_ 0.0125 0.0125 0.0104 
0.15 —_ —_— 0.2505 0.3758 —_ — _ 
0.2 0.9584 2.489 — _ 0.0376 0.0501 0.0419 
0.25 _ _ 0.2489 0.6247 —_ — — 
0.3 0.9064 2.483 ~~ — 0.0625 0.1126 0.0943 
0.35 _ _ 0.2483 0.8730 _ — —_ 
0.4 0.8338 2.450 = - 0.0873 0.1999 0.1674 
0.45 — — 0.2450 1.1180 — — ~- 
0.5 0.7405 2.389 prone ua 0.1118 0.3117 0.2609 
0.55 anim — 0.2389 1.3569 —_ — — 
0.6 0.6273 2.282 —_ — 0.1357 0.4474 0.3747 
0.65 — — 0.2282 1.5851 — _ -- 
0.7 0.4950 2.106 — —- 0.1585 0.6059 0.5066 
0.75 — — 0.2106 1.7957 — — -- 
0.8 0.3445 1.813 — —_ 0.1796 0.7855 0.6579 
0.85 —_ _ 0.1813 1.9770 _— _ _ 
0.9 | 0.1783 1.372 — —_ 0.1977 0.9832 0.8235 
0.95 ~— mp 0.1372 2.1142 — ~ — 
1.0 0.0000 0.000 —- = 0.2114 1.1946 1.0000 
Totals to check - — 2.1142 = 1.1946 ~- — 





For approximate integration by tabulation the| Table I shows at the free end (x=) where 
relations to be used with equal increments of length | y = 1 
8a2=0.1lare 


Ey, E 1,500,000 . 
bce @ ann? | BA), FI mms | pp ~ Lo P = Te =i 906 x isa IO 
or o E if = “gi bye Kiel ) The process is repeated in Table Ia, and to facili- 
pp ois ” I tate comparison of results y, is again reduced to 
; 1 ee ee ‘unity by dividing column (9) by 1.206, giving 
by=i.be= yy -tei= 2) | column (2) in Table I. 
or B. teu! 2; (i wn ’) | Table Ia yields the value 
oat oo ..s p = _1,500,000_ _ 1095 1b. (8) 
sAs the values of I are given exactly at x = 0.11, 1.1946 x 1225 
«= 0.21, &c., the appropriate lengths for com- | while Table In gives 
puting the increments §i from (5) will be from | 
a= 0.051 to r= 0.151, x=0.151 to x= 0.251, = _ 1,500,000 = 1026.41b. . (9) 


P= 
&e., so that the values of M/I in (5) fall in the 1,193 x 1225 
middle points of the increments of length and give The limit is evidently nearly reached, as shown 
a fair average value for the length 8. After the by the small change in y at x = / (and, therefore, of 
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Taste Is. 
(1B) (3B) (5B) | (6B) (7B) (8B) (9B) 
x M M., a sx 2 aca. e x 2 
7 > dated ele at lia a iad 
- _ j —— ‘wens —E 
0.00 1.0000 2.500 ~ we 0.0000 0.0000 
(0.025) (2.506) 
0.05 — — 0.1253 0.1253 —_ — 
0.1 0.9896 2.505 _— — 0.0125 0.0125 
0.15 —_— os | 0.2505 0.3758 — _ 
0.2 0.9581 2.488 } _— _— 0.0376 0.0501 
0.25 as | — 0.2488 0.6246 _— — 
0.3 0.9057 2.481 _ — 0.0625 0.1126 
0.35 — — 0.2481 0.8727 _ = 
0.4 0.8326 2.446 — — 0.0873 0.1999 
0.45 — ~ 0.2446 1.1173 —o oe 
0.5 0.7391 2.384 _ — 0.1117 0.3116 
0.55 — —_ 0.2384 1.3557 <= om 
0.6 0.6253 2.274 — — 0.1856 0.4472 
0.65 — — 0.2274 1.5831 on oe 
0.7 0.4934 2.100 — — 0.1583 0.6055 
0.75 _ — 0.2100 1.7931 pare = 
0.8 0.3421 1.801 — _ 0.1798 0.7848 
0.85 _— — 0.1801 1.9732 one one 
0.9 0.1765 1.358 — — 0.1973 0.9821 
0.95 — — 0.1358 2.1090 =<. = 
1.0 0.0000 0.000 —_— — 0.2109 1.1930 
Totals to check . ‘| 2.1090 1.1930 
Taste II. 
| 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Lz M a E E E 
= - § —_ bs x 
; ya-y I I ix i tx 7 éy P y x ij y 
0.000 1.0000 0. 2,500 0.0 | 0.0 0.00 0.00 0.0000 
(0.025) (0.3988) | (2,506) | 
0.05 — — -- 125.3 | 125.3 — — on 
0.1 0.9898 0.395 | 2,506 — | — 12.53 12.53 0.0102 
0.15 ~— _ — 250.6 | 875.9 — — — 
0.2 0.9591 0.385 2,491 — | — 37.59 50.12 0.0409 
0.25 — — | _— 249.1 | 625.0 — _ aun 
0.3 0.9080 0.365 =| 2,488 — | — 62.50 112.62 0.0920 
0.35 — — } -- 248.8 | 873.8 — — — 
0.4 0.8366 0.340 | 2,461 — | — 87.38 | 200.00 0.1634 
0.45 —_ — a 246.1 1,119.9 — — — 
0.5 0.7452 0.310 2,403 — — 111.99 | 811.99 0.2548 
0.55 —e ~ — 240.3 1,360.2 — — —_— 
0.6 0.6341 0.275 2,306 — — 136.02 448.01 0.3659 
0.65 | — se ~ 230.6 1,590.8 — — — 
0.7 | 0.5042 0.235 2,146 —_— — | 159.08 607.09 0.4958 
0.75 — — — 214.6 1,805.4 | — — m= 
0.8 | 0.3568 0.190 1,878 _ = | 180.54 787.63 0.6432 
0.85 — — — 187.8 1,993.2 — aie ow 
0.9 0.1940 0.130 1,493 — —_ 199.32 986.95 0.8060 
0.95 — — — 149.3 2,142.5 - pa ain 
1.0 0.0187 0.060 0 — —_ 214.25 1,201.10 0.9809 
| Bh i tact ay: Pe Se) ST ae 
Taste IIa. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
tr M Ss E E E 
= a — atx = xX on -_ = 
| ya-y I I i ak S¥X 5 | y*a y 
0.000 1.0000 0.4 — 0.0 0.0 0.00 0.0 0.0000 
(0.025) (0.3988) 2,573 
0.5 an a — 128.6 128.6 — — — 
0.1 0.9895 0.395 2,568 — — 12.86 12.86 0.0105 
0.15 — _ a= 256.8 385.4 — —_ _ 
0.2 0.9580 0.385 2,551 — — 38.54 51.40 0.0420 
0.25 <b na — 255.1 640.5 — — — 
0.3 0.9057 0.365 2,543 — — 64.05 115.45 0.0943 
0.35 —_ —_ —_— 254.3 894.5 - | — —_ 
0.4 0.8326 0.340 2,510 ~ — 89.45 204.93 0.1674 
0.45 ean an — 251.0 1,145.8 — — — 
0.5 0.7391 0.310 2,444 — — 114.58 $19.51 0.2609 
0.55 — — —_ 244.4 1,390.2 — = — 
0.6 0.6255 0.275 2,331 — — 139.02 458.53 0.3745 
0.65 — — — 233.1 1,623.3 _ ~ — 
0.7 0.4930 0.235 2,138 — — 162.33 620.86 0.5070 
0.75 ° aes pes — 213.8 1,837.1 — — = 
0.8 0.3429 0.190 1,850 ~~ — 183.71 | 804.57 0.6571 
0.85 oe pena a 185.0 2,022.1 — -- _— 
0.9 0.1778 0.130 1,402 — 202.21 | 1,006.78 0.8222 
0.95 oni aa —_ 140.2 2,164.1 — — = 
1.0 0.0000 0.060 0 — — 216.41 1,223.19 0.9989 
Taste ITI. 
afl 0.0 0.1 0.2 0.3 | 0.4 0.5 0.6 0.7 0.8 | 0.9 1.0 
Actual I 4 0.395 0.385 | 0.365 | 0.340 0.310 | 0.275 0.235 0.190 0.130 0.060 
0.4(1-F 0.4 9.396 | 0.384 | 0.364 | 0.336 | 0.300 | 0.256 | 0.204 | 0.144 | 0.076 0.000 
0.4 ~ 0.365 0.4 0.3964 0.3856 0.3076 | 0.3424 0.310 | 0.2704 | 0.2236 | 0.1696 | 0.1084 0.040 


P), and the repetition of column (28) in column 
(2c); it may be taken as just below 1,027 lb. 
By assuming a less curved form of y, such as 


— x ae 
y =y¥5n 8 2/1) (10) 


the successive values of P obtained are 


1,066 Ib., 1,031 Ib., 1,027 lb., 


which evidently approach the same limit about | 
1,026 to 1,027 Ib. A second approximate value of P | 


from a curve of the form (3) will in any practical 
case always give a very close approximation to 
the true critical load, slightly on the safe side. This 
method appears to the writer to possess the advan- 
tages of directness, simplicity and speed as compared 
with one dependent upon building up the y curve by 
trial and error at each calculation of an increment. 
It reduces to a very simple arithmetical process, 
which can be carried out without a knowledge of 
mathematics or accurate plotting, and no _pre- 





liminary estimate of P is required. It is also 
applicable to other less common end conditions, 
such as the case where one end is fixed and the other 
end hinged, and the case where both ends are fixed. 

III. Alternative Method.—In the method de- 
scribed by Messrs. Bairstow and Stedman, and in a 
somewhat similar method about to. be described, 
a preliminary estimate of the critical load is required. 
This may easily be obtained, and indeed generally 
with a sufficient accuracy for all practical purposes, 
by the method previously described by the writer, 
by writing for I an approximate algebraic function 
of x. For example, in the preceding numerical 
case, if we take 

I = 0.4(1 - 22%) . (11) 

and combine with it the assumption (3) we obtain 


_2x Ex 04 
P= ime = 980 Ib. . (12) 
which was Messrs. Bairstow’s result. The relation 
_ 2EL, 
P= s° - (13) 


is in fact an exact solution, as may be verified by 
substituting the values (3), (11) and (13) in equa- 
tion (2). But this strut defined by (11) is weaker 
than the actual one, as shown by Table III, 
annexed. 

A better approximation, bearing in mind that the 
section near the fixed end is most important in 
resisting flexure, would be that corresponding to a 
parabola giving correct values at z= 0, and at 
x = 0.51 (instead of at x = I), viz. 


7 
= 0.4 - 0.36 — 
, a 


Integrating equation (2) with assumption (3) gives 
as a first approximation on a basis of a rising series 
of values 
, P = 1,010 Ib. 

Assuming from these estimates a preliminary load 
of say 1,000 lb., and taking ys = 1, Table IT may 
be constructed without any assumption as to the 
form of y. Estimating a value of M/I at x = 0.025 1, 
we find from the formula (5) the value of 8 ¢ (which 
is also 7) at x = 0.05 1, and hence from formula (6) 
the value of 8 y (which is also y) atw=O11 A 
sample calculation for a later part of the table 
will suffice. After the lines for «=0.31 and 
x = 0.35 1 are completed, in order to fill up the line 
for x = 0.41. column (7) is first found by dividing 
the previous entry in column (6) by 10, viz., 873.8 
10 = 87.38. This is next added to 112.62 in column 
(8), and the entry 200.00 in column (8) is obtained. 
Dividing the 200.00 by E/l? gives 0.1634 in column 
(9). Subtracting 0.1634 from unity, 0.8366 in 
column (1) is obtained. Multiplying by 1,000 
(i.e., P) and dividing by 0.340 gives 2,461 in column 


(4). and the total ix © 


l 
at x = 0.45 1 follow as in Table I. 

The final value of y, is 0.9809 instead of unity, 
which shows that the trial value of P is too low. 
Correcting proportionally, 1,000 + 0.9809 = 1,020 
lb. But P will be greater than this, for an increase 
in P produces less than a proportionate increase in 
the figures in column (9) of Table II. For it reduces 
the values of (y, —y), which is a factor of M. Taking 
therefore a second trial of P as 1,025 lb., Table Ila 
is obtained. The final value of y, is here 0.9989, 
and hence P is rather greater than 

cam or over 1,026 lb., 
which confirms the value obtained from Table Is, 

The two methods of finding the critical load by 
tabular integration are not very dissimilar; they 
differ in the choice of which of the two factors of 
the right-hand side of equation (2) is assumed, 
In the writer’s opinion the method of Table I, i.e., . 
assuming reasonable values of y/y,, is preferable, 
as it leads to arithmetically simpler and more 
direct work. The tabulation can be written down 
vertically without working horizontally across the 
columns, and without any trial and correction. 

IV. Degree of Error involved in Tabular Integra- 
tion.—Instead of integrating by tabulation it is 
quite simple to plot values of M/I and find the incre- 
ments (8 ¢) of i by estimation of areas, and similarly 
to plot the. values of i, and so to estimate the incre- 
ments 8 y. 

In the tabular method a slight error is in general 


The increment 8i Xx 
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made. Both the M/I and the ¢ curves on a base / 
are in this particular case convex upwards, and the 
increments 6¢ and dy were estimated by taking 
as true mean ordinates the values of M/I and i 
lying midway between the ends of the increments 
8z or 0.11. This leads to an overestimate of y, 
and, therefore, to an underestimate of P. The 
degree of error is here quite negligible, as might be 
shown by estimating it. Perhaps the best way to 
demonstrate it, however, is to show that it is 
negligible in applying the tabular methods to cases 


where the curvatures of the M/I and ¢ curves are |: 


actually greater, and the result can also be computed 
bylordinary (non-tabular) methods of integration, 
This has been done, with the following results :— 


aa 
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with other types of attachment at the ends, but 
as these are less important for struts of varying 
section, it will suffice to mention them briefly. 

If the strut of length 21 is firmly fixed at both 
ends (Fig. 2), and symmetrical about the central 
plane of cross-section, taking the origin O at the 
central section in its deflected position, A being one 
fixed end, 

El dd 2 = M, + P (yr— y). 


A suitable first form of y is found from the equation 
=! x z\2 z\3 az\4 
y=a+BT+0(4) +D(4) +B(4) 


which, when the constants have been determined 





from the end conditions (viz., y= 0 for z = 0, y = y, 


Assumed | Successive Coefficients of | Successive Coefficients of 


First Assumed Value of 
Value of y. PR 
EI 


E Io 


Tabulation. 


Known Value of 


obtained by the Coefficient. 


} et Ip obtained in Ordinary 
| 


Algebraic Integration. 





Constant Ip .. 


Constant Ip .. oa ss : 2 


(1- *) lo-- i. ; 2 


Constant Ip .. 


Other results, where the curvature of the M/I curve 
is less, have also been worked out, and found to 
agree very closely indeed with the values obtained 
by successive algebraic approximations. 

The critical load found for the given strut, viz., 
1,027 Ib., is about 5 per cent. greater than the value 
(980 Ib.) found by Messrs. Bairstow and Stedman. 
They make an error in principle by taking the 
values of I at x = 0.05 1, 0.151, 0.25 1, &c., from the 
thin end, in finding the values of d* y/d 2 at x = 
0.11, 0.21, 0.31, &c., respectively from the relation 
@#y/d2*=M/EI. In estimating by tabulation 
the increments 8 i, clearly the value of M/EI at the 
middle of the corresponding increment 872 is 
appropriate. But in estimating i (or 8%) by the 
area under a curve of M/EI, on a base of values of z, 
the plotted values of M/EI rhould be those at the 
corresponding sections and not the values for 
sections 0.05 | away from the corresponding sections. 
Messrs. Bairstow and Stedman have used too low 
a value of I throughout, and have obtained too 
a value for the change in slope, which in their case 
corresponds to too small a value of dy/dz (since 
they worked from the free end, or rather the hinged 
end of the strut twice as long, on a diminishing slope). 
They have in effect calculated the critical load for a 
more slender strut than the one they specified. 

V. Other End Conditions.—The method described 


2. 
+494, 2.467 


395, 2.45 2.400, 2,459 


2.500, 2.471 


(repeats) 2 (repeats) 


2.4705 


-467 


for « = +1, and dy/d x = 0 for x = +1), becomes 
2 
Ya-y=Ya {1+(4) \8 

Either algebraically or by tabulation there are at 
first two unknown quantities, M, and P. In tabu- 
lating M/I, 3%, «8 y and y the coefficients of M, 
and P should be placed in separate columns. Then 
from the fact that at A, i or dy/dz is zero, M, may 
be found in terms of P, and thus P may be found 
from the derived value of y,. 

In the case of a strut of length / fixed at one end O 
and hinged at the other end A (Fig. 3), the equation 
becomes 

EIl.@yd@x2=F (l— 2) - Py 
where F is a component reaction at the hinge, 
perpendicular to the axis of the strut, brought into 
action when buckling begins. The primary form 
of y here becomes 
7 =743)9%) 


_ ,{(z¥ z 

v=ev (7) (25 

where y’ is the deflection midway between O and A. 
The critical load may be found by tabulating 


separately the coefficients of F and P and making 
y = 0 when x = lat A. 


With more than one unknown quantity there is 


| one. 


an increasing advantage in algebraic working if a 
suitable approximate function can easily be found 





in ‘Section IT of this article is applicable to struts 


for I. 





CHROMIC ACID AND HYDROGEN PEROXIDE AS AN ETCHING . AGENT. 
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THE USE OF CHROMIC ACID AND HYDRO- 
GEN PEROXIDE AS AN ETCHING AGENT.* 


By 8S. W. Mituer (Rochester, N.Y.). 


In the course of recent correspondence Mr. 8. W. 
Miller, of Rochester, N.Y., has communicated to the 
secretary an account of his method of using a mixture of 
chromic acid and hydrogen peroxide as a reagent for 
etching brass and bronze, and has expressed a desire 
that his experience should be placed at the disposal of 
those interested in the subject. The substance of 
Mr. Miller’s information has been arranged by Dr. O. F. 
Hudson in the form of this note. 

A dilute solution of chromic acid is used, to which a 
few drops of hydrogen peroxide are added. The speci- 
men is immersed and kept moving in the solution for a 
few seconds. It is then removed and washed immediately 
in running water. Originally Mr. Miller used con- 
centrated chromic acid diluted with an equal bulk of 
water, and to a small quantity of this solution the 
hydrogen peroxide was added. Later he found that acid 
of this strength was too strong, and that he had been 
using too weak a solution of hydrogen peroxide. Only 
a few drops, say, six or eight, of chromic acid arenecessary, 
and to this diate solution a few drops of oe 
peroxide, which should not be too weak, are added. 

The addition of the hydrogen peroxide causes a strong 
effervescence, and turns the solution of chromic acid a 
very dark green. If the chromic acid solution is too 
strong large gas bubbles are evolved, which prevent 
uniform etching. When, however, the right strength of 
acid is used, the immersion of the specimen causes a 
spitting of the liquid, particles of which are projected 
from the bath on to the sides of the containing vessel. 

Mr. Miller states that he finds this reagent equally 
satisfactory for all brasses and bronzes, and that it is the 
best of all the reagents for this purpose that he has tried, 
giving much better results than chromic acid alone. 
In the case of nate | alloys the a is not stained, 
while the 6 remains a light blue. Similarly in the zinc- 
copper alloys both the a and 8 are said not to be changed 
in colour, while in rolled brass the grain boundaries and 
twin crystals are brought out with great clearness. This 
—- has also been found to give good results when 
used as an etching agent for silver. 

Figs. 1 and 2 are typical of the work that can be done 
with this reagent. 





WoopEn anp Steet Ratway Cars.—The insistent 
demand for the use of lighter and more durable cars, says 
the Electric Railway Journal, New York, has so accus- 
tomed the railway men to think only of steel when 
new cars were under consideration that the tendency is 
to neglect the possibilities of wood altogether. Perhaps 
the fact that an emergency exists which makes it 
practically impossible to get steel plate and, consequently, 
steel car deliveries within a very long period, may serve 
to deflect attention to cars of wooden construction. 
They cannot be built as light as steel cars, but when a 
company is badly in need of additional rolling-stock 
there are advan in reverting for the time being 
to cars of wooden construction. The steel car will cost 
less per mile for current to propel it, but for the imme- 
diate present a wooden car which could be delivered 
comparatively very promptly could be earning & 
substantial revenue during the ten to eighteen months 
or more that it might be necessary to wait for the steel 





* Paper read before the Institute of Metals, Wednesday, 
September 19, 1917. 
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A COMPARISON SCREEN FOR BRASS.* 
By Owen Wit11aM Exuis, M.Sc. (Birmingham). 


In Metallurgical and Chemical Engineering, No. 7, 
vol. xvi, page 378, a ‘“‘Comparison System for Deter- 
mining and Standardising the Grain Size of Annealed 
Brass ’’ is described. The main feature of the apparatus 
consists of a wooden frame, in which lantern slides, 
showing microstructures of brasses that have -been 
subjected to definite heat treatment, are fitted in such 
a way as to enable the operator of the apparatus to 
estimate, with very fair accuracy, the grain size of a 
sample of brass of unknown origin, by comparing the 
magnified image of the sample of brass with the slides 
of the standard samples, which are of the same magnifi- 
cation. 

The method described constitutes a welcome improve- 
ment in practice. The apparatus, however, necessitates 
the use of a wooden framework and the aid of a carpenter, 
whereas quite an efficient comparison screen can be 
produced at the cost of only a few pence at a glazier’s 
and a few hours in the laboratory. The main features 
of the screen about to be described are: (i) a sheet of 
plain glass of suitable size ; (ii) a sheet of ground glass 
of similar dimensions ; and (iii) a packet of transferotype 
paper (such as that manufactured by the Kodak Com- 
pany). Prints of the microphotographs of the standard 
samples are made on the transferotype paper, and are 
thence, in the approved manner, transferred to the plain 
glass; the manner that suggests itself to the author 
as being the most convenient is to cut the prints so as 
to form zones of sectors of circles, which, when suitably 
arranged, form a ring whose centre is of clear glass. 
The number of zones will, of course, be determined by 
the number of standards required. When the trans- 
ferred prints are dry, the ground glass may be fitted to 
the plain glass in such a way that the ground surface 
of the former supports the prints adhering to the surface 
of the latter. Skewene the two sheets of glass a mask 
may be fitted. The two sheets of glass are finally 
bound together with passe-partout, or lantern-slide 
binding strip. The final result (except for the black 
surround) is as shown above. 

In practice the image of the sample under examination 
is projected on to the central screen and direct com- 
parison is made with the standard photographs, which, as 
already described, form a ring round the central screen. 
The actual mode of lighting the screen will depend rather 
on the apparatus apart from the screen than on the 
screen itself. The author therefore has confined 
himself entirely to a description of the principle under- 
lying the manufacture of the screen. 





Larce Ratway Wacons.—In a recent issue of 
The ——— Age Gazette a description is given of four 
cars recently constructed for the Virginia Railway, 
each of which is intended to carry 120 tons of coal. 
The cars are 53 ft. 7 in. long over all, the body — 
being 50 ft. inside and the width inside 9 ft. 8, in. The 
maximum height above rail-level is 11 ft. 14 in. The 
body is supported on two six-wheel bogies. The wheels 
are 33 in. over treads and the axles have 6-in. by 11-in. 
journals. The total weight of the car empty is 73,900 lb. 
The car is built antindly of steel, the minimum plate 
thickness used being } in. 





THE BRIQUETTING OF IRON ORES. 


Notes on the Present Knowledge and Practice in regard 
to the Briquetting of Iron Ores.* 


By Guy Barrett (Ebbw Vale) and T. B. Rogerson, 
(Glasgow). 


Earzy this year the Iron and Steel Institute Com - 
mittee for Ores, Fuel and Refractories appointed Messrs. 
Frederick Mills and W. Thorneycroft to inquire into the 
present knowledge and practice in regard to the briquet - 
ting of iron ores, and these gentlemen requested the 
present authors to prepare a résumé of the available 
information on the subject. This they undertook to 
do, and the following report represents a summary of 
the knowledge gained in their own experience, together 
with that communicated from many sources and collected 
from various publications. 

It is not suggested that anything strikingly original 
or hitherto unknown will be disclosed, the intention is 
rather to bring together, for the consideration of the 
members of this titute, such information as the 
authors have regarding a subject of great and rapidly 
increasing importance to this country. 

Apart from desirability, on economical grounds alone, 
of using to a greater extent the many mechanicall 
fine ores which have hitherto found little favour wit 
blast-furnacemen, it cannot be doubted that there is 
every indication that the proportion of lump ore obtain- 
able is at least not likely to increase; and the recent 
tendency to adopt higher blast pressures, larger furnaces, 
and faster driving at the blast-furnaces in this country 
has, although the limits common in the United States of 
America have not generally been attained, already reached 
the point at which the difficulties when using fine ores 
under these conditions, and the consequent loss of iron 
in the form of flue-dust, can no longer be ignored. 

The present movement towards ‘the increased use of 
native ores will probably accentuate these difficulties 
where the ore requires calcination before it is suitable for 
the blast-furnace, for in the process of calcination a 
by no means negligible proportion of fines is nearly 
always made, and as these fines are sometimes the richest 

rt of the ore, the question of briquetting these should 
be considered. The increased production of sulphuric 
acid brought about by the war will also bring into the 
market a quantity of material which would vastly 
improved by some briquetting or sintering treatment. 

A reduction in the dusty fines in the blast-furnace 
burden, and the substitution of an easier working 
material, will bri in its train more regular furnace 
operation. It will lower the necessary margin of surplus 
heat i in the furnace for emergencies, and will 
diminish the iron losses in the form of flue-dust. If these 
desiderata can be realised, improvements in the iron 

ield, coke consumption, and a lower pig-iton cost will 
follow, and for these reasons we have asked to 
gather information on this important subject. 


A complete report on the present ees 
the ee of iron ores in all its aspects be a 
i docum: 


very vo. ent, and in the following notes it 
is proposed to deal only briefly with the leading processes 
known to be in commercial operation, to give 


references indicating where articles dealing fully with 
these and other processes, specifications and machines 
may be found. In the conditions prevailing to-day 





* Note read before the Institute of Metals, Wednesday, 
September 19, 1917. 





* Paper read before the Iron and Steel Institute, 
Thursday, September 20, 1917. 





prices from week to week, and therefore all prices 
and costs in this report are based pease conditions, 
excepting where the contrary is stated. For the ag ry 
of this report the term “ briquetting”’ has been held 
to include all processes having for their object the con- 
version of iron ore in a finely divided mechanical con- 
dition into a more or less lumpy product suitable for 
smelting in the blast-furnace, 

rding to White, Schwarz, Hansell, and other 
writers who have dealt with this subject, the product 
of any process should so far as ible fulfil the followi 
conditions : It must not break into dust when drop 
on a hard surface from a height of at least 10 ft. It must 
resist a temperature of about 900 deg. to 1,000 deg. C- 
without disintegrating. It must resist the effects of 
the weather for a reasonable time, It must resist the 
action of such steam as is found in the top of a blast- 
furnace. It must be porous, to facilitate the penetration 
of the carbon monoxide of the furnace gas. The binder, 
if any is used, must contain no objectionable constituent, 
and the a. must not seriously affect the iron 
content of the furnace charge, including both the ore 
and limestone. The cost of production must not exceed 
the difference between the cost of the raw material and 
the value of the improved product. 

In general, the processes in use to-day may be divided 
into the following classes :— 

1. Those in which the ore is submitted in suitable 
moulds to pressure high enough to cause mechanical 
cohesion. 

2. Those in which the ore is pressed, with or without 
the addition of a binding agent, and subsequently heated 
by more or less direct firing to the temperature of incipient 
fusion or vitrifaction. 

. Those in which the ore is mixed with a binder, 
pressed in moulds, and hardened in air, steam or gas. 

4. Those in which the ore is heated, without pressing, 
to the temperature of incipient fusion or vitrifaction. 

Of the frst class probably the best known and most 
widely used is the Ronay process. 

Fine ores and flue-dust, as well as such diverse 
materials as cast-iron and steel borings, salt, coal and 
sawdust, have all been satisfactorily briquetted simply 
by the oe pe of mechanical pressure on this system, 
the mechanical installation for which consists of a low- 
pressure hydraulic pump, the necessary accumulators 
and suitable pressure intensifiers, pressure distribution 
and variation devices, and the hydraulic briquetting 
press. For the treatment of ores containing moisture 
a drying drum is recommended to extract all the moisture 
from the ore. 

Great importance is attached to the complete drivin, 
out of all the air contained in the ore, and this is effecte 
by applying the ‘pressure slowly and in two separate 
stages. There is no doubt that this is a most important 
point in all processes employing even such a relatively 
moderate pressure as 3 tons per square inch on the 
briquette, and it is certain that many failures to produce 
a satisfactory briquette have been due to the neglect of 
this precaution. Even when this has been achieved, 
however, it has been found that the very heavy pressures 
used-——6 tons, and even up to nearly 14 tons per square 
inch on the briquette—will not ensure good briquettes 
with all classes of ore. Mr. J. G. West* refers to ex- 
periments in which flue-dust briquettes were made 
under a pressure of about 11 tons per square inch, at 
which point distortion of the cast-iron moulds resulted, 
but the briquettes were friable and broke if subjected 
to comparatively slight shocks. 

In a report which has come under our notice it is 
estimated that the cost of briquetting on a press making 
from 70 tons to 120 tons per a of 20 hours, the rate 
depending on the density of the material, would be 
from 8d. to ls. per ton for flue-dust or ore which required 
no drying, and 1s. 3d, to ls. 9d. per ton for ore requiring 
heat treatment. 

A few years ago a plant to make 30,000 tons of ore 
briquettes per annum was estimated to produce briquettes 
at ls. 10d. per ton, including interest and depreciation, 
and a plant to produce 50,000 tons was estimated to do 
so with a working cost of 1s. 3d. per ton of briquettes. 
In 1913, A. Weiskopf,t referring to this process, gave 
the estimated cost, according to the figures furnished 
by the constructing company, for a plant to produce 
30,000 tons of flue-dust briquettes per annum as 6,000/., 
and the cost of the product, when allowing 15 per cent. 
depreciation on the machinery and 10 per cent. on the 
buildings, is given as approximately 1s. 8d. per ton. 

It is very doubtful if the costs given above could be 
realised on a commercial plant. The machinery is 
expensive, and the power consumption in actual practice 
forms a heavy item in the cost, and unless the material 
worked requires no preliminary or subsequent treatment, 
it seems a the process can compete with other 
rocesses available, particularly as t necessarily 
eavy Pas works relatively slowly and needs at least 
as much labour as other faster-running machines. 

In connection with the preparation of the Mayari 
ores of Cuba the Mashek process was tried,} the plant 
for which consists of a pair of rolls whose surfaces are 
provided with co tions running parallel with their 
axes. They are held together by powerful spri 
which exert pressure as the ore is fed into the rolls. The 
product consists of small cylindrical sticks of compressed 
ore. They did not stand weathering, and the process 
was found to be expensive to work. 

A few ago an attempt was made at a works in the 
North of England to produce ore briquettes by pressure 
only, = Y hee non the addition of a binder. machine 
designed to give & pressure of 6 tons per square inch 
was used, but the result was not cnthshabtery, and it 

* Iron Age, 1912, vol. xc, page 955. 
+ Stahl und Hisen, 1913, vol. xxxiii, page 276. 
¢ Iron Trade Review, 1914, vol. lv,{page 12165. 
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was not found possible to produce a suitable briquette 
without heat treatment. 

It may be of interest to note that the particular ore 
used, an hydrated hematite, is one which offers peculiar 
difficulties from the briquetting point of view, from 
the fact that if it has been exposed to the weather it 
may contain as much as 12 per cent., or even 15 per 
cent., of water and still be apparently dry and almost 
dusty before pressing, but under pressure the moisture 
is squeezed out and assumes the form of a somewhat 
tenacious mud, which clogs the machine and hinders the 
work considerably. 

So far as we are aware, no process of ore briquetting 
depending on pressure only has found very wide applica- 
tion. It is hardly likely that this method will prove 
satisfactory in dealing with ores containing combined 
water or showing appreciable loss on calcination, because 
the loss on calcination is represented by water or gases 
which are liberated by the application of heat alone ; 
and as briquettes made in this way are comparatively 
dense, the gases freed in the interior of the briquette 
when the temperature rises find no ready outlet and 
must tend to burst it into dust again. This would 
probably occur quite high in the blast-furnace, in which 
case the benefit of briquetting would be lost. 

Of the processes in which the ore is pressed into moulds, 
with or without the addition of a binder, and subse- 
quently burnt, the following are some which have come 
under our notice. 

Probably the simplest is that worked, at any rate 
until recently if not still, at a works in the North of 
England, where blue billy and lime were ground together 
in @ pan until plastic. The mixture was then spread 
out on a heated floor, and immediately rolled into a sort 
of a cake by means of a roller resembling a garden roller. 
It was allowed to remain on the floor until quite d 
and then charged into the furnaces. The cost of Pn | 
a process would naturally be low, but the product would 
hardly stand much handling without producing a very 
large proportion of fines. 

An improvement on this method is in operation at an 
ironworks in Scotland, where blue billy is mixed with 
clayey ore as a binder and then ground in a to a 
slurry. The mixture is dumped into nests of moulds 
laid on a steam-heated floor. The moulds are lifted off 
as soon as drying has proceeded far enough to permit 
this, and the bricks are left to dry until they are hard 
enough to be stacked and burnt in hand-fired kilns. 
The loss in this particular case is whatever moisture the 
fine ore contained before manipulation, and the total 
cost of manufacture is about 8s. 6d. per ton at the 
present time. The system is easily worked and requires 
no expensive machinery. The heat for the drying floor 
can be obtained from the exhaust of any suitable steam- 
engine, and the product is reasonably satisfactory though 
certainly expensive. 

At another works fine ore is tempered in grinding 
pans with water and then fed into Yeadon type briquett- 
ing machines. The briquettes are transferred from the 
machines to flat trolleys, on which they are passed 
through drying tunnels about 130 ft. long, 9 ft. wide, 
and 6 ft. high, which are heated by the waste gases 
from the kilns. The kilns are ordinary chamber kilns 
heated with blast-furnace gas. The briquettes are heated 
to the temperature of incipient fusion and are a reason- 
ably good product, and the cost is said to be low. This 
plant was very fully described by Dr. Henry Louis* 
in 1905. 

A process in operation in Staffordshire, in 1910, was 
then making very good briquettes from the accumula- 
tion of fine ore left after the repeated clamping of 
Staffordshire mine on the same ground for some con- 
siderable time. The process had no outstanding features 
to distinguish it from that last described, except that 
no separate preliminary dryer was used. The fines were 
tempered first in an e-runner pan. They were then 
carried by a double worm mixer conveyor to a mixing 
pan, and afterwards pressed in a horizontal rotating 
table press of substantial construction. The briquettes 
were burnt in Staffordshire kilns, and a fuel consump- 
tion of 1.92 ewts. per ton of briquettes was claimed 
when using slack at 4s. per ton, which equals about 43d. 
per ton of briquettes, ' 

The plant was steam-driven from its own boilers and 
had an output of 65 tons per day, and a total cost of 
3s, lld. per ton of briquettes was claimed, taking the 
cost of ore as 2s, at the foot of the hoist which delivered 
it to the pan. The total labour employed was five boys 
and 14 men, but the wages were very low, varying from 
24d. to 6d. per hour, and worked out at ls. 6d. per ton 
of briquettes. A complete installation to give an out- 
put of 30,000 tons per annum was estimated to cost 4,000/. 
in 1910. 

The Gréndal process,t which has been very widely 
adopted, is probably able to treat almost any ore which 
can be pressed into a briquette hard enough to stand 
being transferred by hand from the press to the table 
of the kiln car. It gives a very satisfactory product, 
and appears to have the widest range of suitability of 
any process falling within the chass under consideration. 
It needs less manual labour than any of those already 
described, and the method of kiln-firing gives that control 
of the burning which is so highly important for the 
manufacture of briquettes of good quality from various 
and variable ores. Trouble has been experienced, how- 
ever, when attempts have been made to briquette a 
mixture containing more than 25 per cent. of flue-dust 
high in carbon. 

Briefly, the process consists of pressing the suitably 
tempered material at a comparatively low pressure and 
then passing the briquettes through a gas-fired tunne; 


* Cassier’s Magazine, July, 1905. 
+ H. Louis, Journal of the Iron"and Steel Institute, 
1904, No. I, page 40. 





kiln. The fuel consumy tion appears to be from 7} per 


cent. to 10 per cent. of the weight of the product. It 
is said to be only 5 per cent. in certain cases. The cost 
of a plant capable of producing 1,000 tons per 24 hours 
was estimated at 100,000/. in 1909, and the cost per ton 
of briquettes, including interest and depreciation, was 
estimated at 3s. 2.77d., with coal at 12s. per ton and 
labour at from 4s. to 7s. per day, but this cost does not 
appear to have been realised in recent installations in 
America. ; 

The cost varies greatly, according to the conditions 
and material treated, as the following examples will 
show : 

Weiskopf* gives the cost as 4s. 7d. per ton, allowing 
10 per cent. for depreciation, taking coal at 22s. and 
labour at about 3s. 6d. per day. Plockt estimates that 
a four-kiln plant to produce 400 tons per day costs 
21,000/., and when using oil for fuel the briquettes cost 
1.55 dols. per ton, made up thus :— 


Dols. 
Labour 0.41 
Fuel 0.60 
Repairs... seo «- 0.15 
Interest, depreciation, and 
overhead charges sie 0.90 
Power oda 0.09 
Royalty 0.10 


1.55, or, say, 6s. 6d. 
per ton. 


Dr. K. F. Stahl{ states that the cost is 2 dols., or 
8s. 4d. per ton, while in 1910 we were informed that at a 
plant in England the cost ‘when working on pyrites was 
2s. 1ld. per ton, exclusive of interest and depreciation. 

The American Gréndal Company state that with coal 
at 12s. per ton and common labour at 1s. per hour, and 
working 12-hour shifts, in America the cost is as follows :— 


8. d. 
Total labour, including superintendence 
and producing eee ese eee 54 
Repair and maintenance, labour and 
material oes oes oe @ 31 
Power ee eee ose wee oe wo 8 
Fuel ove eee oes ees — = 
Miscellaneous and general 0 5 
4 0 


When treating pyrites residues the action of the hot 
acid gases on the cars and the walls of the kiln appears 
to have been very serious in some cases, and recently 


an improvement in the design of the kiln has been made | 


at the Helsingborg Copper Works by Mr. Arthur Ramén, 


which is said to have very much improved matters in | 


this respect and thereby reduced the cost of the 
briquettes. These ee oe ny consist mainly of the 
provision of water-cooled walls through the combustion 


chamber, special provision for protecting the cars from | 


any flame action, great control of the flame in the kiln, 
and the utilisation of the hot waste gases in the pro- 
ducers instead of live steam, and by these means the 
fuel consumption has been reduced from 10 per cent. 
to 7 or 8 per cent. A number of these Ramén kilns 


have been built in Germany, having a width of 2} m. and | 


giving an output of 100 tons per day when working on 
pyrite residues, and a plant capable of making 50,000 
tons per annum was estimated to cost 10,000/. before 
the war. The cost per ton of briquettes before the war 
at a plant making 55,000 tons of briquettes per annum 
from magnetite concentrates is stated to be as follows :— 


Shillings per Ton. 


Labour. Material. 
Presses ... ose wd oan 0.280 “e 
Handling furnace-charging gear 0.066 
Discharging and shunting cars 0.066 
Producers oes rs -. 0.066 * 
Coal, 8 per cent. at 15s. per ton des 1.20 
Repairs : 
Producer ... 0.03 
Kilns 0.06 
Cars 0.05 
Presses ‘ oon * ae 
Car-handling gear 0.03 
—- 0.34 
Sundries ae dis was ste 0.10 
Lubrication ‘ 0.030 0.04 
Power 0.145... 
Foreman 0.090 
0.743 1.68 


Total per ton of briquettes, 2.42 shillings = 2s. 5d. 


These costs cover the process from the time the ore 
is placed in the press hopper up to the discharge of 
the briquettes from the kilns. The costs of unloading 
the ore, loading the briquettes, depreciation, and interest 
must be added, and will, of course, depend on the 
situation and on the arrangements adopted. 


We are indebted to Mr. A. Douglas Tisdall of the | 


Gréndal Kjellin Company for the 
ticulars regarding this type of plant. 
plant has been very generally adopted for magnetite 
concentrates and other fine ores. By this method 
magnetic ores are converted to hematite, and, in fact, 
if the process is properly conducted, whatever its original 
form, the iron in the burnt briquettes will be found to 
be almost completely in the form of iron peroxide, 
Fe203;—a very decided benefit—moreover, the sulphur 
content is very much reduced. 

Among the processes of the third class probably the 


foregoing r- 





* Stahl und Eisen, 1913, vol. xxxiii, page 276. 

t Iron Trade Review, vol. xcii, 1017. 

? Transactions of the eers' Society of Western 
Pennsylvania, vol. xxix, page 641. 





The Gréndal | 


best known and most used is that proposed by Schu- 
macher for the utilisation of flue-dust, which consists 
of mixing the fresh flue-dust with about 10 per cent. of 
water and a solution of magnesium chloride in sufficient 
quantity to give about 4 per cent. of MgCl in the 
finished briquette. The magnesium chloride acts 
merely as a catalytic agent. The mixture is usually 
subjected to a pressure of about 3 tons per square inch, 
and the resulting bricks are air-hardened for from 18 
to 48 hours, depending on the material used. 

The flue-dust, or at least about half of it, should be 

mite fresh and still warm, the remainder can be old 
p stg of which many plants have large accumulations. 
When there is a large proportion of lime present it has 
been found necessary to slake this by introducing steam 
into the mixer, in order to prevent it being slaked by 
the moisture in the briquettes themselves, which it 
would then break up by its expansion. The cementing 
action is apparently due to the conversion of the oxide 
of iron to Fe9(OH)s. In addition to magnesium chloride, 
CaClo, FeSO,4, and pickling liquor from galvanising 
works have been used in this process with success.* 

All pieces of coke over, say, half an inch should be 
screened out of the dust, as they interfere with the pro- 
duction of sound briquettes by introducing large surfaces 
where no cementing action occurs. It is claimed for 
this process that it renders all the coke-dust contained 
in the raw material available as fuel in the furnace, 
but it seems more probable that a large proportion of 
the carbon contained in these small particles of coke 
is dissolved by the CO2 of the furnace gases and never 
becomes available as fuel, and our experience certainly 
indicated no noticeable saving in fuel when using about 
15 per cent. of briquettes. As long as the briquettes 
are well made this process affords a cheap method of 
using up flue-dust, but we found that if we used briquettes 
of which the resistance to a crushing load was below 
10 cwt. per square inch on a briquette measuring 
9} inches by 4} inches by 3 inches, the output from the 
| dust-catcher increased, the furnace became stiff, and 
lit was cheaper simply to break them up and mix the 
| pieces with new flue-dust and start again. 
| It is said that in Austria, Germany and Belgium the 
| total cost is from ls. 3d. to 2s. per ton, and over many 
months at Lackawanna with very inefficient handling 
| and elevating arrangements a cost of 2s. 6d. per ton 
| was maintained,} a figure whch is confirmed by our own 
| experience. The cost of the magnesium chloride worked 
| out at about 24d. per ton of briquettes, in 1914, when 
using 50 per cent. magnesium chloride in the form of 
| crystals. 

The magnesium chloride process for briquetting flue- 
dust is, or was, in operation at Dortmund, Seraing, and 
other places on the Continent before the war, and 
| appears to have found some favour in America. Simple 
as it appears, the process requires careful watching 
| when the ores used are variable, but it can and does 
| produce useful briquettes cheaply. Undoubtedly the 
| proportion of fine coke contain in the flue-dust has 
|@ very important effect on the result, and we found 
| that when the proportion exceeded about 30 per cent. 
it became difficult to produce good briquettes at all. 
It should be said in this connection that our conditions 
were undoubtedly difficult, owing to the constant and 
considerable variations in the coke, ores and limestones 
us 





Another process. proposed by Schumacher is intended 
for the briquetting of magnetic concentrates. The con- 
centrates are mixed with 8 per cent. of finely ground 
raw spathic ore, and 4 per cent. of finely ground hydrated 
lime. The mixture is pressed and steamed in an auto- 
clave for about six or eight hours at a pressure of 150 1b. 
per square inch. The magnetites in this case are left 
unaltered, and the sulphur content in the raw materials 
is not reduced. Briquettes made in this way from 
magnetites have been used in Siemens furnaces, but 
not, as far as we are aware, in blast-furnaces. 

While we have seen briquettes made by both these 
processes, and have succeeded in making them ourselves 
experimentally, we were not very successful when we 
attempted to do so on a commercial scale. We had 
incessant press breakdowns, but there is reason to believe 
that the materials treated, which, as it has been pointed 
out, were variable, required panning as well as mixing 
before pressing, and the necessary plant for doing this 
was being installed when the experiments were stopped 
by a series of strikes in the works, and the outbreak of 
war has prevented them from being renewed. . 

The Scoria process, which has been very fully described 
by Stiitz,t consists of adding 5 per cent. to 10 per cent. 
of quumaeseh slag and 4 per cent. of lime to the ore or 
flue-dust to be treated. In order to make the binder 
hydraulic the mixture is then subjected to a moderate 
steam pressure in a rotary drum. This also effects the 
complete and intimate mixing of its contents, which 
are afterwards pressed into briquettes and steamed in 
an autoclave for about 10 hours under a pressure ol 
about 10 atmospheres. The cost, according to Stiitz, 
is about ls. 4d. per ton, and the resulting bricks are 
said to give excellent results in the furnace. s 

In the Weiss process|| limestone is added tothe ore 
or flue-dust, together with about 5 per cent. of powdered 
hydrated lime. The mixtrre is pressed into briquettes 
| under a pressure of about 2 tons per square inch, and 

the briquettes, suitably stacked on special bogies, are 
{then run into the hardening chambers, where they are 
| first subjected to the action of cold CO2 at a pressure of 
300 Ib. per square inch, and afterwards for about four 








* Transactions of the American Institute of Mining 
Engineers, vol. xlvii, page 338. 
+ Iron Age, 1913, vol. xci, e 70. ee 
Transactions of the American Institute of Mining 
Engineers, 1913, vol. xlvii, page 324. 
| "| Stahl und Eisen, 1911, vol. xxxi, page 1539. 
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hours to the action of CO2 mixed with the waste gases | rung when the pressure becomes insufficient or excessive- | few minutes, as the whole appliance can be removed and 


from the retort furnace in which the CO2 is produced | 
by heating limestone. The briquettes are said to be| 
hard and porous, and to cost about 2s. per ton, but) 
the process is not suitable for clayey ores. 

The Trainer, Pioneer and the Pollacsek processes use | 
as a binder sulphite liquor or sulphite pitch (also known | 
as cell pitch), which are produced by evaporating the | 
waste liquors resulting from the preparation of pulp | 
for paper-making by the ~ gm process. Sulphite | 
pitch is soluble in water, and briquettes depending on | 
this alone as a binder do not stand the weather. In the} 
Pioneer process the ore, with about 4 per cent. to 8 per | 
cent. of sulphite pitch, is pressed and burnt in kilns. In | 
the Pollacsek process the ore, mixed with sulphite liquor | 
as @ binder, is heated and partly dried in a rotary drum | 
and then pressed, the briquettes being then allowed to 
stand to harden. The control of the temperature | 
during heating and drying is most important, and sound 
bricks depend entirely on maintaining the correct tem- 
perature. It has been stated that the cost of briquettes 
made by these processes is about 2s. 3d. per ton, but we 
have no confirmation of this claim. 

There have been many other binders proposed, such 
as peat, clay, salt, molasses and filter-dust, but we 
have not been able to ascertain that any of these have | 
found wide application. 

In general, so far as we are aware, excepting in the 
case of the Schumacher flue-dust process, true bri 








| the 
| being 


bottom of their stroke, there- 
| by preparing the top mould 
to receive its charge of ore 
and at the same time ejecting 
the briquette from the bottom 


This device has been adopted in presses recently made 
by the General Briquetting Company, of New York. 
Such a press exerts a pressure up to about 6,000 Ib. per 
square inch on the briquette, requires about 35 h.p. to 
drive it, and has an output of 7 tons of ore briquettes 
per hour. 


A very simple and cheap machine has been developed | 


by Messrs. T. C. Fawcett, Limited, in which a cylinder 
fitted with four moulds arranged symmetrically about 
its circumference is rotated by suitable pawl gear to bring 
each mould successively into the required position for 
filling, Lye and extraction of the briquette. The 
essential features of this machine are indicated in Fig. 2. 
When the ram, A, is in its backward position in the 
bottom of the feed-hopper B, the ore falls in front of it, 
and as the ram travels forward on its next stroke the 
required amount of ore is pushed into the mould and 
pressed into a briquette. At the same moment the 
ejecting lever C has descended and pushed the plunger 
plate in the top mould, and 
with it the plunger plate in 
bottom mould — these 

connected — to the 


replaced by another by removing the two nuts on the 
senpieneell, 

In this machine the use of springs under heavy loads 
has also been avoided, and a very simple and effective 
design of connecting-rod end provides the necessary 

| safeguard against damage by excessive pressure. A 
machine of this type ha an output of about 50 tons 
| per ten-hour day when working on flue-dust, and up to 
| about 70 tons on denser material, cost about 900/. in 
| 1914. 
| ‘The “ Emperor” machine, made by Messrs. Sutcliffe, 
| Speakman and Co., Limited, is designed to press the 
| briquette from both sides, and at the same time entirely 
to relieve the frame from the greater stresses due to 
| the operation. The pressure is applied through the toggle 
levers C, which work within a se ti -contained frame made 
| up of the top and bottom beams A and the heavy steel 
| connecting bolts B, as indicated in Fig. 4, which is taken 
|from drawings supplied by the makers. As soon as 
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quetting processes are not cheap to work, and -good 
evidence in support of this view may be found in the | 
undoubted popularity of the other methods of ore pre- 
paration, for which such low costs are not generally 
claimed, | 

Our experience of other briquetting processes includes 
manufacture in a standard wire-cut plastic brick machine, 
followed by stove drying and burning in ordinary 
chamber kilns. The ore was Menera screened ore, a 
difficult material to treat, and the result was not by any 
means bad, and indicates that with cheap labour an 
expensive press may be quite unnecessary when the 
briquetting is carried out at the blast-furnace plant. 
Ih this connection it appears that now, when machinery 
is difficult to get and good lumpy ores scarce, the pos 
sibilities of briquetting the fines, particularly from 
calcined and possibly some other ores, by comparatively 
crude methods akin to shop moulding merit consideration. 
Any suitable building with a heated cast-iron plate 
floor and the simplest type of brick kiln might suffice 
in many cases to convert ores, which in their natural 
state are too fine for easy smelting, into vastly superior 
briquettes at a not unreasonable price as things go to-day. 

It will perhaps be of interest at this point to note the 
leading characteristics of a few of the most successful 
briquetting machines. In connection with the Schu- 
macher process a very good press, indicated diagram- 
matically in Fig. 1, was developed, in which the fulcrum 
of the lever applying the pressure to the mould is carried 
on the end of a ram sustained in position by oil under 
& pressure of about 100 atmospheres. 

_Che oil cylinder is connected to a cylinder of nitrogen, 
pt a simple means of maintaining the 
requir pressure. With this arran; ent the total 
pressure exerted by the ram on each briquette is easily 









recorded on a continuous recorder, and alarm bells are 
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mould on to a suitable belt conveyer. The connecting-rod 
has embodied in it an hydraulic device, D, which, while 
acting as a safety appliance, provides means for easily 
indicating and adjusting the pressure actually exerted 
by the ram. 

This machine has a capacity of about 50 tons per ten- 
hour day, and would cost before the war something 
approaching 400/. 

ye are informed by Messrs. Fawcett that the machinery 
for a complete plant, with elevators, conveyers, and a 
machine of this type, cost about 1,250/. in 1913. 

In the Bradley and Craven press, which is of the 
horizontal table type, the briquette is pressed from both 
sides simultaneously. The means by which this is 
effected is shown diagrammatically in Fig. 3, copied 
from a sketch supplied by the makers, which is self- 
explanatory. The advantage of this arrangement is 
obvious, for it halves the thickness of ore through which 
the pressure has to be transmitted, and thereby much 
reduces the holding-up effect of the friction between the 
ore under pressure and the sides of the moulds, which, 
in the case of a thick briquette pressed on one side only, 
may materially reduce the actual pressure to which the 
ore is subjected on the side remote from the pressing 


ram. 

It will be noted that on the tension-rod operating the 
top lever an annular hydraulic cylinder and plunger are 
inserted between the nuts and the lever for recording the 
pressure exerted by the ram. The arrangement is a 
very convenient one, because the failure of an hydraulic 
leather, if it occurs, results in a stoppage of only a 




















the downward movement of the upper pressing ram 
is resisted by the ore, the action of the toggle causes 
the frame to rise, and the lower ram, which is carried 
on the lower beam, comes into operation. The pressure 
to which the briquette is subjected is entirely controlled 
by adjusting the quantity of material fed into the 
mould from the feed-hopper D. This can be varied while 
the machine is running, and the machines are arranged 
to give pressures up to 10 tons per square inch. 

Of the processes coming within the fourth class prob- 
ably the most widely used is that of nodulising in 
rotary kilns, on the general lines of those used in cement 
manufacture. In recent plants the kilns run to about 
125 ft. in length and 10 ft. in diameter. The thickness 
of the firebrick lining is usually about 9 in. to 12 in. in 
the hottest part of the kiln, and it is reduced according 
to the circumstances towards the cooler zones, Chrome 
bricks are said to have been used with good results in 
some cases, but the life of an ordinary firebrick lining is 
about four to six months. The kiln is set at an inclina- 
tion of about 4 in. per foot and fired at the lower end, 
generally with pulverised coal, though oil, producer gas 
and blast-furnace gas are all used 

The kiln is rotated at a s depending onthe material 
treated, and the ore, which is fed to the kiln by means of 
a rotating table or other suitable device, in its passage 
through the kiln is first dried, then it is desulphurised, 
and finally, owing to the rolling motion imparted to it 
by the turning kiln, it agglomerates into nodules varying 
in size from a pin-head to about 1} in. diameter when the 
plant is working properly. The nodules are discharged 
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at the lower end of the kiln at a bright red heat to a 
eooler, and after cooling are ready for immediate use. — 

The product of this process is generally magnetic, 
and the surface is glazed. This reduces its porosity and 
retards its reduction in the blast-furnace, but not- 
withstanding this, if the kiln is carefully worked, it can 
produce quite a good smelting material that can be used 
without any special difficulty up to 50 per cent. of the 
burden in Spennces making low silicon pig-iron, and is 
used up to 100 per cent. in certain cases,* and so far as 
our experience goes it is far preferable to a soft and friable 
and a ey inferior briquette in a fast-driving 
furnace. The process is ve ective for the reduction 
of sulphur in the ore, and it been stated that nodules 
suitable for the blast furnace can be produced with raw 
material containing up to 7 per cent. of sulphur. 

In some cases the een yo have been divided by 
desulphurising in one kiln and nodulising in another, but 
this system has not been generally adopted. In the case 
of certain ores, as the Mayari ore of Cuba, binders have 
been used to increase the size of the nodules. Through 
the courtesy of Messrs. Edgar Allen and Co., Limited, 
we have received a copy of a communication received by 
them from Mr. W. Meade of Philadelphia, as follows :— 

“The cost of nodulising in this country amounts to 
about 60 cents ar ton with fuel at 2.50 dols. per long ton, 
The amount of fuel required is about 250 lb. of good 
gas coal (13,000 British thermal units) per ton of 
nodules. A rotary kiln 8 ft. in diameter by 100 ft. long 
will give an output of approximately 150 tons of cinder in 
24 hours. In pyrites cinder it is possible to reduce the 
sulphur to less then 0.1 per cent., and in many cases we 
have reduced it as low as 0.05 per cent.” In regard to 
the preparation of pulverised coal, Mr. Meade says : 
““The coal should be dried so that it contains less than 
0.5 per cent. moisture, and pulverised so fine that at 
least 95 per cent. of it will pass a sieve having 100 meshes 
to the linear inch, and 85 per cent. will pass a 200-mesh 
sieve. The steps to be followed in the preparation of the 
coal consist of (1) crushing to a size of 1 in. and under ; 
(2) drying ; (3) palverising. The apparatus for burning 
must be arranged to feed the coal to the furnace regularly 
and in the quantity desired, Apparatus is obtainable for 
feeding to the furnace as small a quantity of coal as 25 lb. 
per hour up to practically any quantity desired. The 
apparatus generally consists of a bin holding 12 to 24 
hours’ supply of coal. The latter is fed from this b: 
means of a properly designed worm, the speed of which 
is controlled by a special cone pulley, and which regulates 
the quantity of coal fed to the furnace. The coal falls 
from the worm into a mixer, where it is mixed with air 
supplied by a fan and blown into the kiln. 


Cost of Plant for preparing Pulverised Coal (capacity, 
80 tons per day). 


Dols. 
One pot crusher set ont ou 750.00 
One coal-dryer with stack erected 4000.00 
Three elevators ; qe . 1200.00 
One mill with foundations 4000.00 
One bin ies ose 300.00 
Motors with wiring, &c. ... 2000.00 
Labour erecting esr tes 1000.00 
Building, incidentals, and engineer- 
ing fee... dine wae — 7500.00 
Total ... 20,750.00 
Cost of preparing Pulverised Coal (in above plant). 

. Dols. Dols. 
Drying coal, } ton at 3.00 dols.... 2.25 
Attendance, two at 1.75 dols. 3.50 
Attendance, two at 1.50 dols. 3.00 

—— 8.75 


“The power required for grinding is about 90 h.p., 
and the cost per ton of coal, including attendance, 
supplies, repairs, and interest is about 40 cents. Coal 
for use in heating metallurgical furnaces should contain 
at least 35 per cent. volatile combustible matter, and not 
over 1.25 per cent. sulphur nor 12 per cent. ash, Gas 
slack is commonly used. Coal fulfilling the above 

uirements burned with 25 per cent. excess air will give 
a flame temperature of about 1,760 deg. C. If higher 
temperatures are desired the excess air may be reduced 
or the air preheated by hot-blast stoves. With the 
theoretical amount of air a temperature of 1,985 deg. C. 
may be obtained. 

“In metallurgical furnaces the ash does not adversely 
affect the charge. Some collects on the bottom of the 
combustion chamber, some passes out of the stack, and 
some collects in the base of the latter. Where era - 
tive ovens are used these should be provided with straight 
baffle walls in place of checker-work, and provided with 
eye-holes through which the ashes can be scraped off the 
walls, and out by means of a hoe. 

“Using coal containing not more than 1} per cent. of 
sulphur it is easily possible to keep the sulphur in the 
product at the same figure, which would be obtainable 
with the coal if fired on grates cr if producers. 

“Provided the air pressure used to c the coal into 
the furnaces is kept low, no difficulty will be experienced 
with the furnace lining. If a high air pressure is 
employed, the effect is to destroy the furnace walls. 
Air from a fan at 6 or 8 ounces pressure is employed, but 
this is reduced in the mixer, so that it is at not more 
than } to } ounce just before it leaves the pipe. 

“With proper care in designing the coal-pulverising 
plant and storage bins, the r of explosions and fires 
are overcome. If the coal is allowed to stand in the bins 
too long it may take fire. This need occasion no alarm, 
however, as the burning coal may be fed out of the bin 
into the furnace, and ‘the bin so emptied.” 

* Transactions of the American Institute of 


Mini 
Engineers, 1913, page 2515. ~ 





The cost per ton of nodules seems to vary considerably 
according to circumstances. The estimated cost per 
ton in a plant designed in 1909 to make 1,000 tons per 
day was 3s. with coal at 12s. per ton, but according 
to several writers it is found in practice that the cost is 
generally from 4s. to 5s., the labour being about Is. 6d. 
per ton. The fuel consumption when using powdered 
coal is about 8 per cent. to 12 per cent. of the weight of 
the product, or say ls. 6d. per ton with coal at 15s. 
The total cost of a two-kiln plant complete with the 
building and railroads was given a few years ago as, 
roughly, 30,0001. , as aie 

The process requires very careful watching if it is 
to produce a reasonably constant product. It is liable 
to very serious interruptions, caused by the formation of 
the well-known rings of melted or clinkered ore in the 
hottest part of the kiln. Many proposals have been 
made for preventing these, and much may be done by 
careful control of the temperature and of the length of 
the flame, but so far as we are aware no absolute pre- 
ventative has been discovered, ‘unless it be the chain- 
scraper installed at the Illinois Steel Company’s plant, 
and referred to by Mr. Brassert.* Otherwise the only 
satisfactory cure is to shut down and cut the obstruction 
out, and the loss of output and damage to the lining 
caused by this increase the cost of production to an extent 
which would certainly not be suspected by the un- 
initiated observer of this apparently simple and 
continuous process. 

Notwithstanding this, there is fairly reliable evidence 
that at a plant where nodulising kilns and a Gréndal 
briquetting plant are working on the same ore side b 
side the Sollaien are now produced for about ls. 6d. 
per ton less than the briquettes. 

We have used both the briquettes and the nodules 
from this plant, and find the former rather too friable for 
fast driving, and the slipping that results from this causes 
an increase in the fuel consumption greater than that 
required to smelt the more refractory nodules, and for 
this reason we have preferred the latter. This, of course, 
only applies to these particular briquettes and nodules, 
but the point is not without interest. 

We now come to the consideration of the so-called 
sintering processes. In practically all these cellular 
mass results, which if it has not been overheated is a 
most excellent raw material for the blast-furnace. 

The first of these systems is probably that referred to 
in an English patent granted to Henry Aitken of Falkirk 


Fig.5. 
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in 1868 (Patent No. 352, 1868), which had for its object 
the coking or carbonising of iron ores, particularly those 
having carbonaceous matter combined with them, in 
such a way as to recover the volatile matters they contain. 
In this process calcination was effected by means of 
downward draught through a perforated hearth. The 
addition of water and steam during the process of burn- 
ing, referred to in a recent American patent, was also fully 
described by Aitken in 1868. Several systems are in 
operation to-day, the best known of which will not be 
described. 

The Dwight-Lloyd Process.—Very full descriptions of 
this process have been given by Gayleyt and Klughtf, from 
which the following particulars are extracted :—The 
machine, which is shown diagrammatically in Fig. 5, 
consists of a frame of structural steel supporting a sheet 
iron suction-box open at the top. Over this suction-box 
is pushed a train of conveyor elements called “ pallets,” 
each having a floor com of herring-bone grates 
carried in the frame of the pallets, the bottom surfaces 
of which are planed, and thus make an air-tight joint with 
the horizontal top edges of the suction-box on which 
they slide. The ends of the pallets are also planed to 
=ele air-tight joints while the train of pallets is being 
pushed along. The movement of the pallets is accom- 
plished by a pair of sprocket wheels, and each pallet is 
provided with four small rollers, which hang idle while the 

let is travelling over the suction-box, but serve to carry 
it on its return trip to the point of departure. When 
the pallets have passed over the suction-box, the rollers 
engaged in curved guides, which lead the pallets down- 
wards and back under the suction-box. As they pass 
downwards after leaving the suction-box, each pallet 
breaks away from the train and drops on the up- 
turned edge of the one just preceding. The shock 
serves to dislodge the sinter, which is automatically 
discharged by this means. There is thus a practically 
endless conveyer, any individual element of which can 
be removed for repairs and a new one substituted with- 
out stopping. 

The ore is intimately and thoroughly mixed with the 
requisite amount of fuel and tempe with water, and 
the mixture is then fed automatically to the pallets in 
a thin layer from a simple funnel-shaped bottomless 
hopper and passes under an igniting device, for which 
— blast-furnace gas can be used, if available. 

he combustion thus started is carried downward by 
the air currents while the material is passing over the 
suction-box. The speed is adjusted to give sufficient 


time for the complete combustion of the fuel, and varies 
from about 10 in. to 36 in. per minute. The heat 
required to start the process is relatively small, and the 
cost of ignition correspondingly low. The amount 
of fuel is adjusted to provide just enough heat to cause 
the edges of the small pieces of ore in the charge to fuse 
together, and, as the fuel itself burns away, the product 
is a lumpy mass of material of very cellular structure. 
The sulphur is much reduced in the process, and work- 
able sinter containing less than 0.10 per cent. of sulphur 
has been produced from pyrites residues containing 
6.5 per cent. of sulphur.* ; 

Although the resulting sinter is undoubtedly glazed 
to some extent, the product presents a large surface to 
the action of the furnace gases, and has been found to give 
excellent results in the blast-furnace. The process 
lends itself easily to the modifications required to treat 
different materials. It is stated that flue-dust, fine ore, 
and raw spathic ores have all been satisfactorily sintered 
either separately or mixed. When ores are treated alone, 
coke breeze or small coal is mixed with them to provide 
the necessary internal heat for sintering, but when flue- 
dust is used it generally contains an excess of fuel, which 
can be rendered useful by adding fine ore to the flue-dust 
until the carbon in the mixture is reduced to about 
8 per cent. of the whole. 

The Dwight and Lloyd system has recently been very 
widely adopted in the United States, and we understand 
with good results. Trouble was experienced in pre- 
venting the burning of the grate, as, even with most 
careful mixing, variations will occur at times, and the 
fire will then burn through the bed to the grate more 
a at one place than at another. If steps are 
immediately taken to protect the grate there will be 
unburnt patches in the sinter. To avoid this trouble 
it is usual first to charge a layer of broken limestone 
on the hearth from a chute placed before the ore chute 
and arranged to spread the limestone evenly over the 
surface of the grate. This layer of limestone receives 
the layer of flue-dust or ore to be sintered and separates 
it from the bars, so that the fuel in the bed can be burnt 
right out, or so far as is found to be practicable. It also 
to some extent reduces the amount of ore which is un- 
avoidably drawn into the suction-box by the draught. 

The contents of the pallets are discharged on to a 
l}j-in. grizzley screen, arranged to separate the lumpy 
sinter from the limestone and sinter dust, which are 
then screened again, all under 3 of an inch being returned 
to the ore feed-hopper to be mixed up again and re- 
treated. The limestone, reduced in quantity by about 
30 per cent., is returned to the limestone bunker. and 
used again. 

This method has been found quite satisfactory{ and 
has reduced grate-bar losses to a very small item, and the 
admixture of a certain proportion of lime with the sinter 
is in no way objectionable. The cost of operation has 
frequently been given in various publications, from 
which the following are extracted :— 


Cost of Producing Sinter by Dwight and Lloyd Process. 





(a) (6 (ce) 

Dols. Dols. Dols. 

Labour 0.17 0.18 0.24 

Ignition 0.03 0.06 0.05 

Power. . e 7 0.12 0.16 0.09 

Repairs and supplies ng ‘a .07 0.06 0.03 
Interest, depreciation, and over- 

head charges ee «s -06 _ 

Royalty 0.20 —_— _ 

0.65 0.46 0.41 








(a) Plock, Iron Trade Review, vol. xcii, page 1061. 

(b) Klugh, Transactions of the Engineers’ Society of Western 
Pennsylvania, vol. xxix, page 619. 

(c) Maynard, Transactions of the American Institute of Mining 
Engineers, 1912, page 508. 


On the plant referred to in column (6) the labour 
consists of one foreman, one machine operator on each 
turn, one oiler (day turn only), three labourers by day 
and two by night. 

We understand that at an American ironworks where 
this system has been in operation for some time an 
excellent product is made at a cost of 57 cents to 60 cents 
per ton, including all that can be fairly charged against 
the process, and the whole plant required to give an 
output of 100 tons per day on flue-dust under actual 
works conditions is said to have cost about 4,200/. 
Plockt stated in 1913 that a plant having a capacity of 
100 tons of sinter per day would cost 15,000 dols., or, 
say, 3,100/. 

he system and machinery are simple and well 
adapted to the prompt correction of any irregularities, for 
the material is open to inspection the whole time, an 
the effect of any adjustment in the mixture, ——- 
speed or suction can be observed almost immediately, 
and if necessary, in theory at least corrected before any 
large quantity of unsuitable product has been made. _ 

Notwithstanding this great advantage, however, it 
appears that primarily everything depends on the 
thorough preliminary mixing of the raw materials to 
ensure regularity in the resulting sinter, and in the 
various descriptions of this process there are many 
indications that prevention is vastly superior to cure in 
this connection. The suction required is from 10 in. 
to 17 in. of water, and the volume of gases exhausted was 
stated to be about 52 cub. ft. per minute per square foot 
of grate area in plants described in 1915. 





* Transactions of the American Iron and Steel Insti- 
tute, 1915. 
+ Iron Age, vol. |xxxviii, page 422. 
} Transactions of the American Institute of Mining 
Engineers, 1912, page 508. 








* Transactions of the Engineers’ Society of Western 
Pennsylvania, 1914, vol. xxix, page 619. 

+ Transactions of the Engineers’ Society of Western 
Pennsylvania, 1914, vol. xxix, 619. 

t Iron Trade Review, vol. xcii, page 1061. 
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In a recent description* of a new and very complete 
plant installed at Mingo Junction, Ohio, it is stated that 
a machine having a grate area of about 93 sq. ft. produces 
300 tons per day a working flue-dust. In this case 
a fan coupled to a 115-h.p. motor and capable of ex- 


h i 5,000 cub. ft. of exhaust gases per minute is 
provided, which represents approximately 270 cub. ft. 
of per square foot of grate area per minute. 


or the Huntington-Heberlein process the apparatus 
somewhat resembles a Bessemer converter in principle. 
A vessel about 9 ft. in diameter and 4} ft. deep is fitted 
with a perforated grate placed about 15 in. above the 
bottom, and arrangements are provided for introducing 
air under a pressure of about 15 in. of water into the 
space below the grate. A fire is first built on the grate, 
and the ore to be treated and already mixed with some 
fine fuel is spread over it to the required depth. The 
blast is then turned on—setting up rapid combustion, 
which proceeds upwards through the charge. The heat 
developed causes the ore to agglomerate and form a 
cellular mass, which is removed, when burning is com- 
plete, by turning the converter over and letting the lump 
fall out on to screens. This breaks the mass into more 
or less serviceable sizes, and at the same time removes 
such fines as are formed, which can then be subsequently 
re-treated. The apparatus is simple, but care must 
taken to prevent any channelling by the blast. The pro- 
duct is said to be fairly porous and to work well in the 
furnaces. It is claimed that sulphur, arsenic and zinc can 
all be driven off in the process. Klughf states that the 
blast tends to lift the ore from the grate, and to keep it 
more or less in motion, and as a result the product is apt 
to be less sound than that made by the down-draught 
processes ; though, on the other hand, Plockt says that 
very hard and dense sinter is made. Presumably in 
this, as in all other processes, much depends on the skill 
and judgment exercised by the operator. 
The coal consumption when treating pyrites residues, 
for which this system has been found particularly suitable 


is about 12 per cent., and the working cost is approxi- 


Fig.8. 





mately the same as other intermittent sintering pro- 
cesses, The plant is simple, and depreciation and 
general upkeep are said to be low. 

It is of interest to note that in 1914 this process was 
in operation at the Gelsenkirchener Works at Gelsen- 
kirchen, where it had superseded the Schumacher 
process for treating flue-dust, the Free for which was 
lying idle. Messrs. Huntington-Heberlein have very 
Rindly furnished us with the following information 
relating to the cost of the plant and the product. 

The capital e diture involved naturally varies 
considerably with the local conditions, but, assuming that 
electric power is available, the approximate total pre- 
war cost per unit capable of producing 20 tons per 24 
hours would be about 850/. for plants of not less than 
two such units and allowing about 30 per cent. of the 
total cost to cover foundations and buildings. 

The power a is about 10 h.p. for 50 tons 
of daily capacity. The cost of labour in plants having 
a capacity of 100 tons per day is roughly a full average 
day’s wage for every 10 tons of agglomerate produced, 
and with favourable labour conditions and cheap fuel 
the total pre-war working cost, including depreciation 
and royalty, was about 3s. 6d. per ton. 

The Greenawalt process appears to have found con- 
siderable favour in the United States in recent years 
for the treatment of fine ores, concentrates, blast-furnace 
flue-dust, and similar materials. A general idea of the 
plant is shown on 306; for the illustrations, as also 
for the description of the process which follows, we are 
indebted to Mr. F. B. Dutton, vice-president of the 
American Gréndal Company :— 

“The mixture of fuel and ore, suitably moistened, 
is placed, by a mechanical charging car, in a layer of 
proper thickness, on a grate — suitably protected 
by @ porous medium such as crushed limestone or other 
inert substance, and then ignited while subjected to a 
down draught from a suction fan. 

“The apparatus carrying the grate is known as the 
pan, and is so arranged that on the completion of the 
burning of the charge, which may take from half an hour 
to an hour, the pan can be tilted and emptied, and is 
then ready for another charge.” 

The plant, as shown in Figs. 6 and 7, page 306, having 
two pans 9 ft. 4 in. by 24 ft., has a capacity of 400 tons 
of sinter per day when using flue-dust containing not 
more than 11 per cent. of carbon, and the total cost of 
this particular plant when erected was estimated quite 
recently as 114,000 dols., or about twice the pre-war 
cost, - Dutton estimates the cost of working, based 


on American conditions and first-class practice, as 
follows :— 


Dollars per Ton 
of Sinter. 

Power at 1 cent per kilowatt hour 0.144 
Labour of six men per 10-hourshift 0.087 
Fuel for ignition, ... sow «+» 0.015 
Material for repfirs and mainten- 

ance eve see eee «+ 0.025 
Tools, lubricants, and miscel- 

laneous supplies... vee «+ 0.007 
Yard switching ° yoo 
Shop expenses ees vee ove ‘ 
Overhead and general works ex- 

penses See Soe «.» 0.020 
Water 0.001 

0.341 per ton 
of sinter. 


In this cost labour is taken at an average of about 
12s. 6d. per day. The above does not include interest 
or royalty. ; 

When referring to the Greenawalt process in 1913, 
A. F. Plock* stated that a plant consisting of one pan 


be | measuring 7 ft. by 12 ft., together with all necessary 


conveyors, bey mg and building, cost 10,000 dols., 
and produced up to 40 tons per day at a cost of 75 cents 
per ton, while Hansell} states that the cost of a Greena- 
walt plant is about one-third of the cost of a rotary 
kiln plant of equal capacity, and, further, that a five- 
pan plant with a total capacity of 500 tons per 24 hours 
needs five men to work it, and produces sinter at a cost 
which will not exceed 2s, 6d. perton. The suction used in 
this process is about 20 in. of water. The time required 
for ignition of the surface of the chargers is about one 
minute, the ignition flame being extinguished as soon 
as the surface of the charge is a glowing red. 

As in the Dwight and Lloyd process, careful mixing 
of the fuel and ore and adjustment of the moisture 








content of the charge are important. In regard to 
the latter Hansellt states that magnetic concentrates 
require about 7 per cent. to 8 per cent. and, while 
10 per cent. is too much for this class of material, 
it has been found that pyrites residues need from 15 
per cent. to 20 per cent., and Mayari ore as much as 
30 per cent. 

he fuel consumption varies considerably with the 
class of material treated, and Hansell states that it may 
be as low as 2 per cent. with magnetic concentrates, and 
6 per cent. to 8 per cent. with pyrites residues. Paraffin, 
crude oil, natural , and blast-furnace gas have all 
been used for igniting the charge, the amounts required 

r ton of sinter being apparently 1.5 gallon of paraffin, 
rom one-third to one gallon of fuel oil, 90 a ft. of 
natural gas or its thermal equivalent in such other gas 
as may be used. 

The Greenawalt process is efficient in respect to the 
reduction of sulphur in the a, but it is said to be 
necessary to use fuel low in sulphur for this purpose, 
but this would presumably apply equally to other 
sintering processes also. The plant is simple in opera- 
tion, and the cost of upkeep is low. The product is 
good, and with care can be made to stand shipment 
without an excess of fines resulting. 

In order to overcome the trouble experienced through 
damage to the grates in down-draught processes and at 
the same time automatically return all fines to the 
burning zone, Hardingt has proposed a machine in 
which the sintering is carried out in a vertical shaft, 
the necessary air for combustion being drawn upwards 
by means of an exhaust fan connected to the closed top 
of the furnace. The sintered matter is discharged at 
the bottom by means of a rotating cone, which assists 
in keeping the column of material free and open. 

The movement in opposite directions of the air for 
combustion, and the ore cha itself, should result 
in the best use being made of ‘the heat of the product 
of combustion for preheating the charge, while the 
incoming air should cool the outgoing sinter, so that 
no mechanical parts are subjected to excessive heat. 
After the preliminary ignition no further ignition fuel 
would be needed as the process would be continuous. 

The West process of sintering is carried out by means 
of heat derived from an external source. The material 
to be treated is dropped into a highly-heated chamber, 
which is so designed that while falling from the ceiling 
to the floor the charge will be sufficiently heated to 
cause the particles to adhere to one another as the pile 
increases. 





* Iron Age, 1917, vol. xeix, page 1299. 
_} Bulletin of the American Institute of Mining 
Engineers, 1912, page 539. 
t Iron Trade Review, 1913, vol. lii., page 1061. 


* Iron Trade Review, 1913, vol. lii, page 1061. 
+ Transactions of the Canadian Mining Institute, 1913, 


295. 
: Iron Age, 1916, vol, xeviii, page 138, 





The apparatus for doi 
in Fi 
the 


this, shown diagrammatically 
- 8and 9, takes the form of a short tunnel furnace, 
brick hearth of which is carried on cars, which are 
in empty at one end of the furnace and with- 
rawn at the other end when the ired amount of 
sintered material has collected on the hearth. Suitable 
gas-burners are arranged al: one side of the furnace, 
ae outlets to the stack are situated along the opposite 


The method of operation is as follows :—A layer of fine 
ore, flue-dust, or other material, thick enough to prevent 
the charge sticking to the bricks, is placed on the hearth 
of a car, which is then pushed into the furnace. The 
doors covering the inlet and outlet openings for the 
cars are cl and gas is put on, and the chamber 
heated up to the ired temperature. The material 
to be treated is then fed in slowly from the top and scat- 
tered by a mechanical contrivance, so as to fall evenly 
over the area of the hearth. During their descent 
the particles are heated up so that the surfaces become 
soft, and on coming to rest at the bottom they adhere 
one to another and build up a pile of sintered material 
on the hearth. 

When sufficient has accumulated, and this depends 
on the capacity of. the furnace, the operation is stopped, 
the doors are opened and the loaded car is puibet out 
and replaced by another, which has been prepared in 
readiness. The doors are then closed and operations 
recommenced, The lump of sinter is quickly dis- 
charged and broken up, the fines being screened out and 
returned to be re-treated. The sinter produced in this 
way is of good quality, and has been used with satis- 
factory results in the blast-furnace in varying propor- 
tions up to 30 per cent. of the burden. 

It is stated that this process gives a very regular 
product, as each portion of the charge is submitted to 
the full effect of the heated furnace. No special treat- 
ment or careful mixing of the raw materials is needed, 
and the ible variations in raw materials such as 
flue-dust do not affect the result. 

In his description of the process West* states that 
the cost of fuel is ls. per ton, and of labour and repairs 
also ls., making 2s.; and Plockt gives the total cost, 
including royalty, as 3s. He also states that the cost 
os furnace with a capacity of 40 tons per day is about 

Having now described the principal processes in 
operation to-day for briquetting or agglomerating iron 
ores, we venture to make the following general observa- 
tions. 

It is in our opinion —_ necessary to fit to briquetting 
presses an indicating and recording device showing the 
actual pressure to which every briquette is subjected 
on the side remote from the ram. The briquette moulds 
should be tapered, the larger end being that through 
which the briquette is removed. The reason for this 
is that the greatest wear on the moulds takes place 
just where the ore closes up on itself as the pressure is 
applied, with the result that the mould, if originally 
parallel, becomes barrel-shaped and the briquette has 
to be withdrawn through a section smaller than that in 
which it was pressed, and cracks are likely to be set up 
which may have serious results when the briquettes are 
stacked for burning. 

Processes depending on pressure alone are not, in our 
opinion, likely to produce very satisfactory briquettes 
for use in the blast-furnace. "he briquettes are very 
dense, but they do not stand weathering, and for the 
reasons already given they are not suited to ores showing 
any great loss on calcination. In general, these pro- 
cesses are said to be expensive to work when everything 
is taken into account. The Ronay process, which has 
perhaps had the greatest success of any of this type, 
appears, in spite of all estimates, better suited for 
treating such materials as metal borings, for which it 
has been extensively adopted. 

re, ya processes of the second class can in 
general be made to give a satisfactory product without 
an undue ote of fines, and for these we believe 
that the English makers of briquetting machinery pro- 
duce plant which gives excellent results. regards 
kilns or furnaces the Gréndal type, which has been well 
tried under very varied conditions, has probably proved 
to be the most elastic. It can be relied on to give reason- 
ably good, and in many cases most excellent, briquettes, 

rticularly for use in the open-hearth steel furnace, 

riquettes made by this process from many works 
situated in widely distant countries have come under 
our notice, and even after shipment the quality may 
usually be described as good, but certainly in one case 
within our knowledge they do not always stand shipment 
and handling too well, and it must admit that 
cargoes received from more than one source have con- 
tained from 5 per cent. to 30 per cent. of fines on arrival 
at the works, which, although it points to varying con- 
ditions of briquetting, is also a strong argument in favour 
of briquetting ores at the blast-furnace plant. 

The Schumacher flue-dust process is probably the 
cheapest of all true briquette processes, and seems to 
have been successful in many widely separated works ; 
but the benefits claimed for it on account of the reputed 
recovery as useful fuel of all the small coke contained 
in the flue-dust are, in our opinion, o; to question. 
As we have said, our experience has m that when 
working in our furnace burden,15 per cent. of apparently 
sound flue-dust briquettes, there was certainly no corre- 
sponding reduction in the fuel consumption, and we 
formed the opinion that the briquettes crumbled up 
comparatively high up in the furnace and that a very 
large proportion was blown out in as dust. In 
any case it appears to us that if the hae briquette 
is porous, the small coke it contains will be in excellent 





* Iron Age, vol. xc, e 9 





55. 
+ Iron Trade Review, 1913, vol. lii, page 1061. 
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condition to facilitate the solution of its carbon by the 
carbon dioxide of the furnace gas, and, on the other 
hand, if it is not porous, it does not fulfil one of the most 
ette, and in either 


important requirements of a good bri 


case the fuel is not used to the best advantage. 


It is not without interest to note that, in spite of the 
roduction for various potqnenting 

, they 
ae not appear to have secured any such wide applica- 
tion as would be anticipated if all the advantages claimed 


very low cost of ; 
rocesses, such as the Scoria and Weiss meth 


had actually been realised in practice. 

The outstanding disadvantage of all 
cesses with which we are acquainted 
that in at least one stage, and usuall e 
every single briquette must be moved by hand, and this 
entails a heavy labour charge and risk of breakage, 
with resultant increase in the cost and in the fines in 
the product. , 

The rotary kiln handles relatively large quantities of 
material, and has been widely adopted in the United 
States. It is not subject to any charge as royalty and 
needs little labour, but the coal-grinding plant is expen- 
sive torun. This objection of course disappears if coke- 
oven or blast-furnace gas from furnaces using coal can 
be used for the particular ore treated. It has been 
pointed out that the process is liable to considerable 
delay from “ringing” in the kiln and also to variations 
in the product which, though generally fairly satis- 
factory, is dense and somewhat refractory, and for this 
reason the sintering processes appear to offer material 
advantages. , 

An interesting statement in this connection is made 
by R. B. Gerhardt,* who says that when nodules, which 
had formed three-eighths of the burden of a certain 
furnace, were replaced by the same proportion of sinter 
made from the same ore the furnace output increased b: 
5 per cent. while the fuel consumption was reduced by 
5-to 8 per cent. 

Sintering has made great advances in the last few 
years in America, and appears to warrant the very 
fullest investigations on account of the reputed low 
cost of operation, simplicity, and elasticity as regards 
the material treated. In this connection it may not 
be out of place to recall that when coke was rca | 
15s. per ton and Spanish iron ore could be delive 
at our furnaces at a price equal to 4d. per unit of iron, 
the furnace flue-dust produced, if it contained 30 per 
cent. of iron and 30 per cent. of coke-dust—by no means 
uncommon proportions—contained iron to the value 
of 10s. and coke which had cost 4s. 6d., representing 
a loss of 148. 6d. per ton of flue-dust and, if only 20 tons 
per day is made, material to the value of about 5,3001. 
per annum is being thrown out of the furnace. 

By sintering it appears all the iron would be recovered 
in a form suitable for use in the furnace, and, further, 
the excess of coke over and above that required to sinter 
the flue-dust itself would acquire its full value as fuel 
for sintering an additional quantity of fine ore. 

We have no first hand knowledge of any of these 
processes, but reports received from those who have point 
to their product as most nearly fulfilling the require- 
ments indicated at the beginning of these notes. The 
sintered material is not truly porous, but its structure 
is cellular and presents a proportionately large area 
to the action of the furnaee gases. It is strong and 
stands weathering and stocking satisfactorily. It works 
well in the blast-furnace, and the cost of production 
under works conditions appears to compare favourably 
with that of all other processes. 

There is no doubt that, suitably treated, many other- 
wise practically worthless ores can be made into most 
votes material, and it is equally certain that it pays 
the ironmaster to do this himself. The analysis of the 
product will of course depend almost entirely on that 
of the raw material, and the cost of production with 
every process will depend very greatly on the particular 
conditions peculiar to the. loca ~~. in which the plant 
is placed, a matter which may materially effected 
by the difference in freight on the raw material and on 
the smaller quantity of the treated product. It must, 
however, not be overlooked that each time the product 
is handled a certain proportion is reconverted into dust, 
and for this reason a more perfect product, as it leaves 
the machine, is essential when the plant is distant from 
the blast-furnaces. 

In conclusion, ore briquetting or sintering is not the 
simple operation it appears at first sight, and we think 
it cannot be too strongly emphasised that however 
successful a process may be when working any particular 
ore, it is not safe to assume chat it will work equally well 
without modification on any other, and therefore every 
new material should be the subject of careful experi- 
ments before expensive plant is installed to treat it. 
Further, all estimates of costs submitted by those 
offering briquetting installations should be submitted 
to the most careful criticism, as the experience gained 
in our own operations and from our Shewiedes of various 
installations points to the necessity for making a very 
libreal allowance for the optimism of the inventor. 

It is not pretended that these ndtes cover the whole 
ground, but it is hoped that they will prove of interest 
and serve as a basis for discussion on this important 
subject. 

fe have to thank the Ebbw Vale Steel, Iron and Coal 
Company for permission to use information extracted 
from their records, and Mr. Frederick Mills for his very 
helpful criticism of the draft of this report. Further, 
we wish to acknowledge our indebtedness for much 
contained in these notes to the many able writers whose 
works have been drawn on for information, and in addi- 
tion to the names already mentioned we wish to express 
our thanks to Mr. J. E. Greenawalt and Mr. F. B. Dutton 


ing 
lies in the 





pro- 
fact 
more than one, 


for the very complete information and drawings which 
they were good enough to send us, to Mr. R. B. Harrison 
for much useful information, and in particular to Mr. 
F. W. Daw, of Ebbw Vale, for many valuable suggestions. 





Fvet A.conor.—The Advisory Council of Science 
and Industry of the Commonwealth of Australia, with 
whom the Alcohol Motor Fuel Committee is co-operating, 
is desirous of obtaining an efficient alcohol engine to 
exhibit at work at agricultural shows and other exhibi- 
tions in Australia, with the object of exciting public 
interest in the use of alcohol as a fuel. It is recognised 
that such engines may not be readily obtainable at the 
present time, but the committee would be glad to 
receive, for transmission to Australia, any available 
information as regards the cost of efficient alcohol engines 
and the probable date of delivery. For purposes of 
demonstration a small stationary engine of 5 h.p. to 
10 h.p. would be preferred. It is suggested as an alter- 
native ‘that if it is impossible to obtain delivery of a 
suitable engine at a comparatively early date, a complete 
set of plans might be purchased, with a view to the 
engine being constructed in Australia. In either case 
it is desirable that any information sent to the committee 
should include particulars as regards patents by which 
the engines advocated are protected, and the arrange- 
ments which would have to be made in respect of 
royalty, &c., if it were decided to build now or sub- 
sequently in Australia. It is probable that the Advisory 
Council of Science and Industry of Australia will, on 
receipt of the required information and recommendations, 
order an engine (or plans if no engine be available) by 
cablegram. The secretary of the Alcohol Motor Fuel 
Committee, the Imperial Motor Transport Council, 
39, St. James’s-street, London, §.W.1., would like to hear 
promptly from any of our readers who may be interested 
in these proposals. 


Tue Use or Tar Orn As FUEL For Dieser ENGINES.— 
In view of the recent Orders made by the Ministry of 
Munitions regulating the use of creosote and other oils 
produced from the distillation of coal, the Diesel Engine 
Users’ Association have taken action to assist, as far as 
possible, in making arrangements for the necessary 
supplies of tar oils for their members. The present 
difficulty of obtaining a sufficient supply of petroleum 
residual oil as fuel for Diesel engines has led a large 
number of users to adopt tar oil. Difficulties have had 
to be contended with, as would naturally be expected, 
since the use of this class of fuel for Diesel engine work 
was extremely limited before the circumstances brought 
about by the war created a demand for a suitable home 
product as fuel in place of the imported residual petroleum 
oil which had generally been used. With the more 
extended experience now being gained in several quarters 
these difficulties are, however, gradually being overcome, 
and the discussion of the subject at a recent meeting 
of the association was evidence of the wide interest 
which is being taken in this development of Diesel engine 
practice. At the present time ‘‘ Creosote Licences” are 
only being granted for a period of two months, but the 
association is hopeful that their members may shortly 
be able to obtain licences for the use of tar oil for longer 
periods, so as to facilitate arrangements in making 
contracts for regular supplies. The honorary secretary 
of the association has collected particulars of the require- 
ments of the various members who use or who contem- 
late using tar oil, and these, together with other 
information, have been submitted to the Director of 
Munitions Petroleum Supplies. 


THE Late Mr. Evsrstus Voct.—Mr. Eusebius Vogt, 
chief engineer to the General Administration of the 
Swiss Federal Railways since 1901, died on the last 
day of August, we regret to learn from the Schweizerische 
Bauzeitung. Vogt was born in 1849, and was educated 
at Solothurn and in the Federal Technical High School, 
which he left in 1871 with the engineer’s diploma. His 
first practical work was on light railways, under Herzog, 
at Freiburg. He soon joined the staff of the Jura 
Railway, and in 1875 became engineer to the municipality 
of Solothurn ; as such he gave the town a new water 
supply and converted in this connection two wooden 
bridges over the Aar into iron bridges. After holding 
various appointments in the Canton, he became in 1897 
chief engineer to the Swiss Central Railway, and accepted 
in 1901 the apointment which he occupied till his death. 

He had a chief part in the extension of the railway station 

at Olten junction, in the reconstruction of the stations 
and lines at Bern, Biel, Lausanne, Vallorbe, Oerlikon, 
St-Gallen and Enge-Ziirich ; and in the many alterations 
which the railway lines and stations at Basle have under- 

gone in the last two decades. He built several new lines, 

and carried the Rickenbahn into the Linth and See 
districts. This latter scheme involved the construction 

of the Ricken tunnel, after the Gotthard and Simplon 
tunnels the longest tunnel of the Swiss railways ; opera- 
tions commenced in November, 1903, and the line was 

opened in October, 1910. Another important work was 

the diversion of the Sissach-Olten railway, 16 km. in 

length, which was lowered by 110 m. and the maximum 

gradient reduced from 28.26 to 10.5 per mille, with a 
saving in working expenses estimated at nearly a million 
francs ; this work was commenced in 1912 and was finished 

last year. A very careful and conscientious engineer, 
Vogt also did much to improve the signal service and level 
crossings, and to facilitate traffic. Vogt had a severe 
illness in 1915, from which he recovered again. Aman 
of strong character and a warm heart, he was greatly 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—Government demands - still 
continue to dominate the situation in the local steel 
trade, the entire output being practically devoted to 
purposes of war—munitions, shipbuilding and every- 
thing connected directly or indirectly with Army 
and Navy requirements. So urgent is this that a 
large percentage of the production actually goes hot 
from the rolling mills to the consumers’ establishments, 
where it is s ily worked up as is most necessary. 
With all the existing feverish activity steel makers have 
the greatest difficulty in turning out material in sufficient 
quantity, and in most cases orders are booked many 
months ahead, so that there is little fear of any slacking - 
off this side of the New Year at any rate. More and 
more does the private trader find himself and his wants 
entirely pth out by the pressure of work of the 
utmost national importance. As has been the case since 
_— the beginning of this year, the demands of the 
shipbuilding yards have been insatiable, every effort 
being made to speed up the construction of the shipping 
Controller's standard vessels. In every direction prices 
remain firm. 

Malleable Iron Trade.—As in every other branch of 
industry, ceaseless activity continues to rule in the 
malleable iron trade, with every endeavour being made 
to bring the supply as nearly level with the demand as 
——. In order to conserve a sufficient tonnage 
or naval and military work at home, Government 
restrictions regarding export are now being so strictly 
enforced that nothing is available for shipment abroad, 
this applying alike to iron and steel, both of which are 
in constant request. As evidence of what necessity 
can accomplish, shell discard steel has now reached a 
degree of importance which would not have been credited 
until quite recently, and bars rolled in this quality are 
as quickly disposed of as ever were those of the better 
grades. 

Scotch Pig-Iron Trade.—The continued demand for 
— of all grades prevents any slacking-off in the 
usy conditions which prevail in every producing 
establishment, the sole anxiety being the unavoidable 
shortage of certain brands. Hematite is still very 
much in request, and in order to obviate the apparent 
scarcity every effort is being made to speed-up production, 
as the entire available output is rapidly absorbed in 
the local steel work. Under the existing circumstances 
of this heavy home demand, export is dwindling away 
to the vanishing point, the only shipments being some 
small lots urgently required by our Allies. Except where 
controlled, prices are all firm. 





PERSONAL.—With a view to centralising their business 
in London the Stanton Ironworks Company, Limited. 
are removing their office on- October 1, from 44, Coal 
Exchange, E.C. 3, to Maxwell House, Arundel-street, 
Strand, W.C. 2. Their new telegraphic address will be 
“Cobbles, Eastrand, London,” and the telephone 
number ‘Central 6808.’’ Mr. Arnold Longden, who 
has represented the company for some years on the 
London Coal Exchange, will continue to supervise 
the company’s interests at Maxwell House. 


Honours To Navat ENGINEERS FOR MISCELLANEOUS 
Srervices.—The King has been graciously pleased to 
give orders for the following appointments to the Dis- 
tinguished Service Order :—To be Companions of the 
Distinguished Service Order: Engineer Lieutenant-Com- 
mander Frederick William Bromley, Engineer Lieutenant- 
Commander Maurice James Rogers Sharp, and Engineer 
Lieutenant-Commander Harold Hugh Huxham, for their 
services in vessels of the Harwich Force during the war. 
To receive the Distinguished Service Medal : Acting 
E.R.A., 4th Class, John Glyn Thomas, O.N. (Dev.). 


THe Swepiso Srate anp THE ELEectRIC PowER 
Srations.—The Swedish State has extended its regu- 
lating work to the supply of electric current and has 
made agreements with the Hemsjé and the Yngeredsfors 
Power Companies. The State’s motives are to aid the 
interests of the general public and the National House- 
hold Commission by putting the supply of electric energy 
on ration in such parts of the country where such may 
be deemed expedient. It has, however, been considered 
to be to the interests of all ‘concerned that the Hemsjé 
Power Company itself sees to the distribution of current 
under the new arrangement, subject to this being done 
under strict observance of the regulations laid down 
by the working committee of the Industrial Commission. 
The reduction in the supply will, in the first instance, 
apply to such large industrial concerns where shortage 
of raw materials or other conditions make a more pro- 
nounced limitation or reduction of working desirable 
from a national standpoint. The street lighting and the 
tramway traffic will be reduced, and all vertising 
illumination will be prohibited, as it has already been 
done long ago in other neutral countries. Further, such 
lines and transformer stations where the industries are 
not at work throughout the 24 hours are to be switched 
off at least six hours every night, as a rule from 10 p.m. 
to 4 a.m., which time is found most expedient out of 
regard to the farmers. All subscribers will be urged to 
exercise the greatest economy in the use of current, 
and the functionaries have to see to everything being 
carried out in the most rational manner, both at the 
power stations and at the subscribers’ plants. The supply 
to private consumers and small concerns will, in the 
meantime, not be interfered with. The Hemsjé Power 
Company has been provident and lucky enough to secure 
fuel for its steam-driven power station for the whole of 








* Iron Trade Review, 1913, vol. lii, page 364. 





esteemed by his friends and colleagues. 


this and part of next year. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade—The manufacturing 
position has regained some of its more encouraging 
features, for there is not the same tension in the market 
as heretofore, and consumers are becoming reconciled 
by the assurances that, after all, the special provisions 
made for this area will work out well if only the collieries 
and agents are given time to adjust themselves to the 
new conditions. At the same time there is a heavy 
request for any surplus tonnage outside contract accounts, 
for all industrial users are building up winter stocks. 
Contract business, however, keeps pits fully occupied, 
and there is little passing for ch sales. Best steam 
hards are wanted in maximum tonnage for inland works 
and for Admiralty and Allied Powers’ requirements, but 
the trade to neutrals is not large, though there is some 
prospect of Government arrangements increasing this. 
Outside any departure of this kind there is only small 
business passing. Small sorts come into the same 
category, whilst cokes and slacks enjoy their customary 
firm hard tone. The house coal position is now the most 
serious problem for the collieries and the dealers, the 
demand being far in excess of the volume of fuel avail- 
able. Orders pour in, but railway difficulties alone prevent 
them being executed in the specified time. Quotations : 
Best branch handpicked, 20s. 6d. to 21s. 6d.; Barnsley 
best Silkstone, 188. 6d. to 19s. 6d.; Derbyshire best 
brights, 18s. 6d. to 198. 6d.; Derbyshire house coal, 
17s. to 188.; best large nuts, 16s. 6d. to 17s. 6d.; small 
nuts, 15s. 6d. to 16s. 6d.; Yorkshire hards, 16s, 6d. to 
17s. 6d.; Derbyshire hards, 16s. to 17s.; best slacks, 
12s. to 138.; seconds, 10s. 6d. to lls. 6d.; and smalls, 
7s, 6d. to 88. 6d, per ton at the pit. 


Iron and Steel.—The maximum pressure is maintained 
in all branches of the steel and engineering trades, with 
little easing off in any direction, unless it is in work 
not directly concerned with the prosecution of the war. 
This category is not encouraged very much to-day, and 
the signs of any falling-off are rather welcomed than 
deplored, for firms are finding Government needs expand 
week by week, if not day by day. Marine specifications 
are gradually increasing, though it was believed in the 
middle of the summer that they had reached their 
zenith for this year. The output for the more famous 
shipbuilding centres, such as those on the Tyne, Clyde 
and at Belfast, is growing apace, and overtime is now 
being worked with consistent regularity. This remark 
applies with equal truth to all departments, including 
steel plate workers, castings and tool makers in parti- 
cular. High-speed steel manufacturers find the further 
employment of the electric furnaces of great advantage, 
especially in the increased uniformity of output, the 
quality of the material, and the economy of working. 
The fact that electric furnaces cannot now be installed 
except with the licence of the Ministry of Munitions is 
attributed to a prospective shortage of electrodes, but 
in cases where the requirements for such furnaces are 
obvious and urgent, no difficulty has been found in 
securing the necessary permission. On the other hand 
this provision enables the authorities to regulate the 
erection of furnaces and secure for the national needs 
the maximum proportion of the resources available. 
These facts should borne in mind by those who have 
been tempted to criticise the Ministry with undue 
severity. There is a curious position with regard to the 
tungsten supply. Supplies are undoubtedly coming to 
hand better than ever before since the outbreak of the 
war, but in some cases they are not being distributed 
with that evenness which seems desirable, for whereas 
in certain instances there is abundant tungsten for the 
work in hand, some firms have not enough to go on with. 
These latter firms seem to go on the lines of making 
high-speed steel whilst their tungsten supply holds out, 
and then proceeding on to carbon. Amongst the smaller 
and lighter lines the following are the busiest :—File 
makers, engineers’ tool makers, saw makers, and firms 
with orders for spades, shovels, picks, hacksaws and drop- 
forged tools for service both here and with the Allied 
armies. The general overseas trade for all qualities of 
manufactured and semi-manufactured goods maintains 
a satisfactory level, but a drastic order of the Ministry 
of Munitions prevents the making of stainless cutlery 
on the ground of conserving the supplies of ferro-chrome 
for munitions purposes. This deals a severe blow at a 
prosperous trade, which was rapidly expanding overseas. 
The material market is unchanged. 

Messrs. John Brown and Co., Limited.—The annual 
report of this company was issued this morning, and 
states that all departments have been busily engaged on 
work of the utmost national importance. Approxi- 
mate figures only are given in the accounts, owing to 
the complexity of the questions which have to be dealt 
with by the firm in connection with the Ministry of 
Munitions and the Finance authorities. The net profit 
for the year is 494,029/., which, with the balance brought 
forward, 147,7971., totals 641,826/. ‘After paying a 
dividend on the ordinary shares at the rate of 12} per 
cent., less tax, the dividend on the preference shares, 
less tax, and transferri 150,0001. to the contingencies 
fund, there is left_176,451/. 10s. 7d. to be carried for- 
ward, The annual meeting will be held on the ‘27th 
mst., at Sheffield. 

The Hardy Patent Pick Company.—This company 
declares to-day that a dividend of 8 per cent. will be 
paid on the ordinary shares, as against one of 5 per 
cent. last year. 








ArmstronG CoLLEGE.—The prospectus of day classes 
for the session 1917-18 of the Armstrong College has 
now been issued. The programme of studies is an 


extensive one, covering science, arts, letters and com- 
merce, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEesBRovuGH, Wednesday. 

The Cleveland Iron Trade.—There is a steady firm 
feeling as regards Cleveland pig-iron, and prospects of 
early expansion of business are regarded as bright. 
Supply of all descriptions is plentiful. For the time 
being home transactions are few and small, consumers 
being very well placed, but renewal of activity should 
be experienced next week with the commencement of 
issue of October allocations, which promise to be on a 
tg d liberal scale. Some complaint is still made of delay 
in delivery, due to shortage of trucks, but, on the whole, 
deliveries to home buyers are going steadily forward. 
Exports to our Allies are now fairly heavy, though 
application for permits to ship to Italy are so large as 
to necessitate some curtailment. Business with France 
is still conducted through official channels. For home 
consumption No. 3 Cleveland pig-iron, No. 4 foundry 
and No. 4 forge are all quoted 92s. 6d., and No. 1 is 
96s. 6d.; and for shipment to our Allies No. 3 is 
102s. 6d., No. 4 foundry 1l0ls. 6d., No. 4 forge 
100s. 6d., and No. 1 107s. 6d. 


Hematite Iron.—The recent blowing-in of an addi- 
tional furnace on hematite iron should afford some 
little relief to a very stringent situation, but home 
consumers continue to take up such large quantities. 
In fulfilment of old contracts, however, rather better 
supplies have recently been going to our Allies. Negotia- 
tions are proceeding for fixing of further home business, 
but the situation as regards new foreign transactions is 
difficult and perplexing, as, in addition to other obstacles, 
export quotation is subject to extra charge in connection 
with the high neutral ore freights, and other expenses 
not easily explained and understood. Nos. 1, 2 and 3 
stand at 122s. 6d. for home use, and are put at 141e. f.o.b. 
for export to the Allies. 

Output of Pig-iron.—Production of pig-iron has been 
increased by putting into operation two extra furnaces, 
one on Cleveland pig-iron and one on hematite iron. 
This makes the total number blowing on the North-East 
Coast 76, of which 34 are making Cleveland pig-iron, 
28 are producing hematite iron, and 14 are manufacturing 
basic, spiegel and other special irons. 

Coke.—Supply of coke continues more than ample, 
but values are well maintained. Export business shows 
some little improvement, demand being chiefly from 
Scandinavia. For shipment, both beehive and patent 
oven remain at 42s. éd., and gashouse product is in the 
neighbourhood of 31s. All qualities of blast-furnace 
coke are in very good request for local use. Average 
descriptions continue to command the fixed maximum 
of 28s. at the ovens, and low phosphorus sorts remain 
at the limitation figure of 30s. 6d. at the ovens. 


Foreign Ore.—Rather better deliveries of foreign ore 
are reported, and a few contracts are made from time 
to time. It is gratifying to have the assurance that 
consumers are receiving sufficient quantities to keep 
going. Distribution, under official control, is made 
according to priority of need. 


Manufactured Iron and Steel.—To cope with the huge 
requirements of the Government and the heavy and 
rowing needs of the shipyards, producers of manu- 
actured iron and steel are kept working at high pressure, 
and are unable to entertain ordinary commercial inquiries. 
Pressure for delivery of steel shipbuilding material is 
particularly pronounced, and every effort is exerted to 
expedite output. Prices of all descriptions of finished 
iron and steel are very stiff. The following are among 
the principal market quotations to home customers :— 
Common iron bars, 13/. 15s.; best bars, 14l. 2s. 6d. ; 
best best bars, 14/. 10s.; iron ship plates, 151. 10s. ; 
iron ship angles, 13/. 15s. ; iron ship rivets, 181. ; packing 
iron and steel (parallel), 137. 10s.; packing iron and 
steel (tapered), 15/. 15s.; steel bars (no test), 147. 10s. ; 
steel ship plates, 111. 10s. ; steel ship angles, 111. 2s. 6d. ; 
steel ship rivets, 20/. and upward; steel boiler plates, 
121. 10s.; steel joists, 111. 2s. 6d.; steel strip, 151. 10s. ; 
and heavy sections of steel rails, 101. 17s. 6d. 





Contracts.—The progress of the Lymn Producer Gas 
and By-Products Plants during the last twelve months 
is shown by the following contracts: A 260-ton (coal 
per day) plant is now being erected by the South Man- 
churia Railway Company; a 100-ton plant by the 
Monongahela Valley Company, West Virginia, U.S.A. ; 
a 100-ton plant by the Westmoreland Coal Company, 
of Philadelphia, U.S.A.; a 40-ton plant (a repeat order) 
by the Hoffmann Manufacturing Company, Limited, 
Chelmsford, England; and a 40-ton plant for the 
Lilleshall Company, of Oakengates. All of these should 
come into operation during the present year. The 
system is owned by the Lymn Chemical Engineering 
oan any, Limited., 40, Westminster Palace Gardens, 
London, 8.W.1. 

Rate or Coormmse or Coxe.—Some comparative 
experiments on the time which hot coke takes in cooling 
have been made at the Technical High School of Breslau, 
on specimens of coke from the various coal districts of 
Germany, on-the Rhine, the Ruhr, the Saar, in Saxony 
and in Upper and Lower Silesia. The specimens were 
heated up to 800 deg. C. in an electric furnace under 
exclusion of the air, and cooling curves were obtained 
with the aid of thermocouples. The specimens were 
small, about 15 cm. in dimensions, and the experiments 
cannot claim more than a comparative value. All the 
curves were very similar ; the cooling of the inner layers 
of the coke took as many minutes as the cooling of the 
surface layers took in seconds, e.g., from 30 seconds to 
40 seconds to cool from 800 deg. C. down to ordinary 
temperature. 





NOTES FROM THE SOUTH-WEST. 


Cardiff—Very idle conditions have prevailed on 
the market this week. The shortage in the supply of 
tonnage shows no sign of amelioration, and many 
collieries are reported idle through lack of empties. 
To some extent the increased inland demand for certain 
classes of South Wales coals is giving. pits temporary 
relief, but on the average position the effect of these 
inland sales has been very slight. Pitwood is steady 
at between 60s. 6d. and 61s. 6d. In other directions 
there has been no feature, and current fixed prices 
remain unaltered. 


Newport.—The arrangements under the inland re- 
organisation scheme are now fairly well in hand, and the 
new instructions from the Controller have slightly 
increased the quantity of coal required from t 
Wales for consumption in distant areas. Where trans- 

rt facilities have been available this increased demand 

or inland consumption has eased the position of Newport 
coals, but ‘only to a small extent. Pitwood is practically 
unchanged on the basis of about 61s. 


Colliery Officials’ Strike Threat.—As already announced, 
the lower-grade colliery officials who are members of the 
South Wales and Monmouthshire Colliery Examiners’ 
Association have tendered notices to terminate contracts, 
and these notices will expire at the end of the month. 
The most difficult issue appears to be over the question 
of the recognition of the association by the Monmouth- 
shire and South Wales Coalowners’ Association, and the 
difficulty is accentuated by reason of the fact that the 
coalowners who are members of the association have 
always reserved to themselves the right of dealing with 
their own official staffs without interference from that 
body. On Wednesday a deputation, which included 
the chairman, vice duidnuade and secretary of the 
association, waited upon the Coal Controller to explain 
the attitude which has hitherto been adopted in regard 
to the examiners. A special meeting of the owners is 
being convened in order to consider the somewhat serious 
situation which has now arisen. 





Tue Cxerstow Sxaresvitpine Yarp.—The Standard 
Shipbuilding and Engineering Company has received 
intimation that the Government desire to occupy its 
yard at Chepstow. A large number of soldiers are now 
at work on the site. It is stated that the Government 
intend also to take a further site at Chepstow for the 
putting down of a shipbuilding yard. 





DrrecTor oF ENGINEERING WorkK.—We are informed 
that the Deputy-Controller for Auxiliary Shipbuilding 
at the Admiralty has appointed Lieutenant Aichousl J. 
Mitchell Monerieft to be Director of Engineering Work, 
to deal with all civil engineering questions which may arise 
in connection with the department. Colonel Moncrieff 
is a member of the Institution of Civil Engineers and has 
had an extensive practice as consulting engineer for docks, 
shipyards, and river and harbour developments. 





Coat Prices.—The Board of Trade has issued further 
orders, dated the 11th and 12th inst., dealing with the 
retail prices of house coal during the war. Communica- 
tions concerning these orders should be addressed to the 
Controller of Coal Mines, Board of Trade, 8, Richmond 
Terrace, Whitehall, 8.W. 1. An order has been issued 
dealing with the situation in regard to Scotland, by Mr. 
Robert Munro, H.M. Secretary for Scotland, Scottish 
Office, Whitehall. 





Tue German Rattway Wacon Inpustry.—Negotia- 
tions have commenced between the Prussian State 
Railway Department and the railway carriage factories 
in regard to deliveries for the half of the railway 
budget year 1917-18, from April 1 to September 
30,1918. The increase in the rolling-stock principally 
applies to goods wagons. The negotiations are impeded 
by the fact that the works are unable to state, with any 
accuracy, their capacity on account of the difficulty in 
obtaining raw material. The works are employed to the 
full extent of their capacity, and some of the works are 
much behindhand with their former contracts. On 
account of the increase in the cost of manufacture, a 
further addition to the contracted price, which covered 
some three years, if we are not mistaken, is anticipated. 


HARDENING oF ALUMINIUM Bronzes.—Aluminium 
bronzes can be improved by thermal treatment. en 
they contain less than 7 per cent. of copper, the thermal 
treatment will not affect the properties much, according 
to the Giesseri Zeitung for June 1, 1917. Higher-grade 
bronzes can be hardened, however, and by the further 
addition of iron, silicon and other elements the mechanical 

roperties of the alloys can be much varied, Thus, 
or instance, bronzes can be ae having a Brinell 
hardness of 100 without being brittle. An aluminium 
bronze, resembling in its mechanical properties a 0.35 
carbon Swedish steel, was given hardness values ranging 
from 100 up to 260 by various thermal treatments ; 
such bronzes of great hardness will answer as bearing 
metals even for high speeds. The following figures are 
iven as to the properties of a 10 per cent, aluminium 
ronze containing some titanium, the percentage of 
which is not stated; the figures refer to the original 
alloy as cast, to the quenched bronze, and to the bronze 
after thermal treatmént at different temperatures :— 
Limit of elasticity in kilograms per square centimetre : 
9.6, 19.8,.27.7 to 19.2; tensile strength in kil ms 
per square centimetre: 51.8, 73.6, 67.7 to 64; elonga- 
tion in per cent.: 19.5, 1.0, 5.5. to 1.4; contraction of 
area in per cent. : 33.7, 0.8, 9 to 18.5; Brinell hardness : 





| 100, 262, 158 to 140. 
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TERMS OF CONTRACTS: ESTABLISH- 
MENT CHARGES AND PROFIT. 
WE have had many articles on the subject of 
terms of contracts, which must be drafted, not 
only in view of the existing war conditions, but of 
the peculiar situation, which must continue after 
the achievement of victory. We have consistently 
disapproved of the practice of contracts being 
arranged on the basis of payment for material 
and wages, plus a percentage for establishment 
charges and profits, because this system constitutes 
a premium on inefficiency. The greater the laxity 
from ordering material under the most favourable 
conditions, and the greater the inefficiency in 
organising and utilising labour, the greater will be 
the sum received for establishment charges and 
profit. Normally, the old method of a comprehensive 
contract price has much to commend it, but now 
conditions are, and must for some years continue 
to be, abnormal. At the present time, with more 
than 5,000 factories controlled, and with all estab- 
lishments compelled to distribute their orders for 
material where they can be most expeditiously 
executed, and while the Government alone are the 
arbiters as to labour remuneration, there is. neither 
effective control nor fixity of rates, so far as the 
great producing companies are concerned. It is 
therefore impossible for the firms to tender for 
work with any guarantee that the basic prices for 
material and labour will be operative throughout 
the period covered by the contract ; and this being 
so, the only equitable way, not only for Government 
contracts, but for others, is to arrive at an arrange- 
ment which will be fair to seller and buyer alike, 


4jand will yet ensure a high degree of efficiency, 


develop organisation, and provide a stimulus 


4] towards increased producing capacity. 


The onus of evolving a scheme rests upon the 
purchasing departments of the Government, because 
they have absorbed, for State service, practically 
all producing establishments. No firm can refuse 
to undertake Government work; nor have they 
much latitude in the ordering of material, because 
it is of the utmost importance that such sub- 
contracting should be done with less regard to the 
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for profit. In some cases the amounts payable 
for establishment charges were calculated on 
a percentage basis, but in the final stages con- 
tractors were asked to submit an inclusive price 
for all purposes, and in the end, if this price were 
lower than the actual disbursements, the contractor 
suffered ; whereas if the tender proved to be more 
than the actual costs the latter were relied upon in 
the payments made. This one-sided arrangement 
has proved very unsatisfactory, as may well be 
supposed, and when the new Department of 
Auxiliary Shipbuilding was organised, including in 
its composition many who were formerly contractors, 
sound practical experience was concentrated on the 
evolution of new terms of contract which would meet 
the fluctuating conditions which we have stated. 
It will be seen, as we have time and again pointed 
out, that conflicting conditions require drastic 
experiments, and we are glad to record the success 
of a system introduced by the Merchant Ship- 

building Advisory Committee in connection with 
the terms of contracts for the construction of the 
standard ships and engines, a principle which the 
Department of Auxiliary Shipbuilding is now pro- 
posing to extend to all the other classes of craft 
being built under its supervision. 

The principle adopted in evolving these new 
terms of contract was that establishment charges 
had a close affinity to profits. In former articles 
we have drawn distinction between an admirably 
equipped and organised factory and one where 
efficient principles of production were not under- 
stood or were not applied. We might make the 
distinction that establishment charges cover the 
work of the mental force in a factory. Where brain 
power is utilised, its contribution to the fulfilment 
of a contract must be recognised, and this is most 
appropriately done under the heading of *‘ establish- 

ment charges.” It is not only a case of utilising 
mechanism for augmenting the effort of labour, but 
of so organising labour as to secure the maximum 
output for the minimum wage cost, without intensify- 
ing physical or muscular effort. There is thus 
demanded a definite remuneration, because the 
effect is to reduce the labour as well as the material 
cost, and anything which tends to depreciate the 
influence of this brain power is inimical not only to 
present-day efficiency, but to future development 
along sound industrial and economical lines. 

It will be admitted that profits on an ordinary 
contract job are largely influenced by the effective- 
ness of this mental effort towards efficiency, so that 
it is difficult to dissociate establishment charges 
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from profit. Indeed, we might go further, and claim 
that profits on ordinary contracts, effected through 
tender, are dependent on the work which is supposed 
to be paid for through establishment charges. The 
Department of the Deputy-Controller of Auxiliary 
Shipbuilding—largely through the consistent advo- 
cacy of Mr. W. Rowan Thomson, Director of 
Machinery, and a member of the Merchant Ship- 
building Advisory Committee—has therefore 
decided that in contracts these two items shall be 
regarded as one, and, in order to remove that 
premium on inefficiency consequent on the pay- 
ment for these items by a percentage on the actual 
cost of material and wages, the establishment 
charges and profit are to be paid for by a lump sum. 
We have thus that stimulating basis of contract for 
which we have contended in previous articles. 

The equity of the arrangements as between the 
Government and the contractors depends, of course, 
on a fairsum being named for establishment charges 
and profit for each type of ship built, or each design 
of machinery constructed ; but the attainment of 
equitable terms is simplified by the large number 
of ships of each type ordered. Where there is, as 
we hope there will be in the future, an approach to 
standardisation, it will be possible to get from many 
firms a definite tender, with the estimated cost for 
material, wages, establishment charges and profit. 
From these competitive tenders it will be easy for 
an experienced authority to arrive at a fair mean 
sum for charges and profit. Moreover, it should not 
be difficult for the Admiralty, with an expert staff, 
to get out quantities and wage values in order to 
check the tenders submitted by the various firms. 
This done, the procedure would be that of giving to 
each firm a sum to cover charges and profit, per- 
mitting them to proceed to the purchase of material 
and the utilisation of labour under the most advan- 
tageous conditions. Ultimately accountants would 
check the disbursements under the heads of both 
material and labour, in order to ascertain that the 
best has been done in the interests of the buyer, 
and, finally, to deduct from or add to the amount 
paid in instalments, on behalf of the Government, 
for the execution of the work. 

The contention may be made that this system 
of an equal sum for establishment charges and profit 
does not reward the firm having a really efficient 
system of establishment organisation. But a little 
investigation of the conditions will show that the 
firm applying sound principles of production will 
turn out the work much more quickly, and, con- 
sequently, with a fixed sum for charges and profit 
on a larger turnover, will gain a higher annual 
return on their plant. This, after all, is the principal 
aim to be achieved, not only in our present war 
emergency, but under the future stringent competi- 
tion. It may be objected that there is no incentive 
to the contractor to buy his material in the cheapest 
market. This objection, however, does not carry 
weight at the present time. The concentration of 
orders in the ‘cheapest market”? would tend to 
excessive demand in such market, with the result 
that supplies would be delayed, and time is at 
present the important element in all contracts. 
Moreover, prices are so completely controlled that 
there is not the same opportunity for firms to secure 
an advantage in the ordering of materials under 
favourable conditions. The Government Depart- 
ments, moreover, have an important say in the 
distribution of sub-contracts, so that the objection 
is applicable more against the future application 
of the principle than against present enforcement. 

The system, we think, is admirably suited even for 
private contracts, especially in view of the unsettled 
conditions which must prevail after the war. In 
1914 many orders were placed, not only for ships, 
but for all mechanical productions, under favourable 
conditions for the buyers. The intervention of the 
war has made it impossible to execute contracts 
under such conditions. The prevailing economic 
situation, which must continue for some years, 
renders it impracticable for any firm to carry out 
the contracts on pre-war terms, and it should be 
possible to apply the method to which we have 
referred in connection with the fulfilment not only 
of pre-war contracts, but of other contracts made 
now. It is true that there will not be the same 
multiplicity of orders for ships of a given type as is 





the case at present with standard merchant ships, 
mine sweepeys, mine layers, and the like. But, as 
a rule, a shipowner invites a number of firms to 
submit tenders, and through this multiplicity 
of data it will be possible to strike a fairly equitable 
mean as a sum to be paid for establishment charges 
and profits. 

It is important that there should be no dubiety as 
to what is embraced in the term “establishment 
charges”; and in the contracts for the standard 
ships and standard engines this has been met by 
clearly defining what is embraced under * material ” 
and under “ wages,” all other disbursements being 
regarded as establishment charges. In connection 
with the supply of machinery, for instance, the 
procedure is that the expression “ materials ’’ shall 
include all materials and stores used in connection 
with the construction of the engines, boilers and 
machinery, the outfitting, steaming and sea trials, 
and all moneys expended by the contractors in or 
about the procuring or providing of the materials 
for the complete construction, fitting, furnishing 
and delivery of the engines, boilers and machinery. 
Materials manufactured or worked in the contractor’s 
shop are to be charged at market rates current 
during the progress of the contract. Where the 
contractor supplies material from his own stocks 
or contracts, payment is to be made at current 
market rates. All goods are to be charged at invoice 
net cash prices. Harbour dues, towage, cartage and 
haulage costs are to be charged direct to the contract. 
Scrap material is to be the property of the con- 
tractor. The eost of any work done upon any 
materials which may prove to be defective is to be 
charged to the contract. Charges for the use of 
cranes or sheerlegs for the shipment of machinery 
are to be at the rates ordinarily charged by the con- 
tractors. Survey fees, insurance premiums for 
marine policy covering fire and other risks and royal- 
ties paid by the contractor are to be tharged to the 
contract. All drawings, patterns, tools and acces- 
sories necessary for the execution of the work remain 
the property of the contractor. Here it may be 
interpolated that objection may be taken to the 
charge against the contract for work done on 
material which may prove to be defective, but under 
normal conditions this is always the case. The 
contractor, in ordinary times, charges such work 
against his establishment expenses, or directly 
against the job itself. The reason for such work 
requiring to be paid for, although unremunerative, 
corresponds exactly to that for a fire risk, and 
every contractor, while taking care to reduce it 
as far as possible, insures himself against the con- 
tingency in preparing his tender. 

Under “labour” the work includes all wages 
paid to workmen and draughtsmen who book their 
time direct to the contract, together with out- 
working and travelling expenses, wages of pattern- 
makers making new patterns or altering or repair- 
ing existing patterns. There is included also the. cost 
of indirect labour, namely, the wages of foremen, 
time-keepers, store-keepers, piece and bonus clerks, 
cranemen, slingers, and sundry shop labour, together 
with cost of national insurance and workmen’s 
compensation. These indirect costs are distributed 
proportionately over the work passing through the 
contractor’s shop as a percentage on direct labour. 

One advantage, under present war conditions, of 
this system is that it is possible during the progress 
of the contract to pay instalments with as much 
approximation to accuracy as under a fixed contract 
by tender. The invoices for material and the labour 
charges are available at any given time—for 
instance, when instalments are due—and the pay- 
ment for establishment charges and profit can be 
divided proportionately. When a contract has been 
executed, the examination of the books by account- 
ants for the verification of the cost of wages and 
material will show only a small sum to be paid by 
one or other party. At present there is immense 
confusion, owing to the difficulty of making adjust- 
ments on contracts where percentages for establish- 
ment charges and profit are arranged for, and thus 
the Government owe many firms hundreds of 
thousands of pounds, which prevents annual accounts 
being produced to conform to the Companies’ Acts. 
Even the elimination of this confusion is a strong 
recommendation of the terms of contract now 





arranged, and we commend their consideration 
not only to the Admiralty in connection with the 
fighting ships as well as auxiliary ships, but to all 
shipowners, and, indeed, to all buyers of mechanical 
productions, either now or in the years immediately 
following the attainment of victory. 





THE WORK OF THE ROAD BOARD. 

In view of the limitations under which their work 
has had to be carried out, it is not surprising that 
the Report of the Road Board* just issued is a 
far less interesting document than any one of its 
predecessors. The revenue previously derived from 
the petrol and carriage duties has now been diverted 
to meet other requirements of greater urgency, 
so that the receipts during the past year have 
consisted wholly of the interest payments on 
investments and loans, amounting in all to 152,902/., 
or rather less than one-tenth of the receipts in 1915, 
which came to a total of 1,620,974/. Fortunately 
the recommendation of the Retrenchment Committee 
that the Board should, for the period of the war, 
discontinue all contributions in aid of highway 
improvements has not been acted on. A sudden 
cessation of these payments would have involved 
serious losses, and in many cases would have 
resulted in much work having to be done twice 
over. The total expenditure during the year has 
been 445,927/., as against 1,386,173/. in 1915, and 
609,244/. in 1916. Most of last year’s expenditure 
was made on account of work already in progress, 
Parliament having fixed a limit of 200,000/. to the 
amount of new loans the Board was authorised 
to make during the twelvemonth. 

Up to date the total receipts of the Road Board 
from its inauguration have amounted to 7,393,097/., 
and its outlay to 3,663,497/. Both sums are, no 
doubt, large in absolute value, but they are unfor- 
tunately very small relatively to the expenditure 
which must ultimately be made on our highways 
if these are to be put in condition to carry modern 
road traffic. 

This question is dealt with in a memorandum to 
the Reconstruction Committee, which is published 
as an appendix to the report under review. In this 
note the Board states that at least 15,000 miles 
out of the 152,000 miles of roads in England and 
Wales stand in urgent need of reconstruction, as no 
mere surface treatment would fit them for their 
normal traffic. The cost of this work is estimated 
at 2,000/. a mile, making a total of 30,000,000/. in 
all. In addition, a considerable mileage of new 
roads or widenings, estimated to cost 5,000,000/. 
in all, should also be undertaken. Still more urgent, 
perhaps, is the necessity for strengthening many 
bridges over railways and canals, which in their 
present condition are suitable only for relatively 
light loads. In accordance with a recent legal 
decision the onus of these improvements must be 
carried by the public, and not by the railway and 
canal proprietors. In Middlesex alone there are 
22 bridges which are now inadequate to the require- 
ments of the day, and long stretches of roadway 
thus fail to carry their due proportion of heavy 
traffic. The total cost of such reconstructions as 
are now urgent under this heading is put at, at 
least, 7,000,000/. Much more could also be usefully 
expended in the construction of new approach roads 
and by-pass roads in the Metropolitan area, and in 
other densely-populated districts. In fact proposals 
have already been definitely formulated for 130 
miles of such works in the Metropolitan area alone, 
which, if undertaken, will cost from 10,000,000/. to 
15,000,0007. to execute. In reporting on these to 
the Local Government Board, the Road Board 
observes that such schemes can hardly be usefully 
discussed until some suitable financial arrangements 
have been made. The highway authorities are not 
prepared to do this on their own initiative. Indeed 
they are disinclined to undertake even the recon- 
struction of those roads of which the maintenance 
costs are now excessive, although this is a first 
essential to any reduction on the annual upkeep 
charges. These have steadily risen throughout the 
country for many years past, the total for England 
and Wales being 17,500,000/. in 1914-15, which is 





* “Seventh Annual Report of the Road Board.’ 
H.M. Stationery Office. Price 6d. 
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equivalent to 114.6d. per head of the population 
and to 19.6d. on the assessable value. 

Though, as stated, the normal activities of the 
Board have been much circumscribed by the 
restrictions imposed by the war, its experienced 
staff has been able to give most-valuable assistance 
to the naval and military authorities. To meet the 
requirqments of the Admiralty, the Army and the 
Ministry of Munitions it has been necessary to make 
a considerable mileage of new roads, and to 
strengthen and widen others. These works have 
been carried out to specifications prepared by the 
Road Board, and under its supervision. It 
has, moreover, acted as assessor in fixing the 
payments due to the local authorities for damage 
done by “extraordinary” military traffic. The 
sum total spent under the foregoing heads has, 
so far, amounted to 2,760,1417. The Road Board 
has also helped in France, where invaluable work 
is now being done behind the lines by its former 
chief engineer and manager, Mr. (now Brigadier- 
General) H. P. Maybury, C.B., whose place at home 
has been taken by Mr. J. S. Killick, whose services 
have been lent by the Hertfordshire County Council. 





EDUCATIONAL AUTHORITIES AND 
INDUSTRIAL TRAINING. 

THE subject of the educational needs of the 
present and near future has recently engaged the 
most serious attention, not only of professional 
educationalists, but also of the leaders of thought 
and action in the spheres of commerce and industry, 
and the broad-minded proposals of the President 
of the Board of Education have still further stimu- 
lated interest in this most essential subject. While 
it may be said with truth that the whole scheme 
of education stands in need of reconsideration in 
the light of present -day requirements, it is un- 
doubtedly a fact that the most urgent need of the 
moment lies in the provision of the means to increase 
the individual and collective efficiency of the 
worker in order to meet the increasing demands of the 
present and near future, and at the same time 
provide such elements in his education as may 
teach him to appreciate at their true value the 
responsibilities and privileges of citizenship. To 
give full effect to this ideal requires that a start be 
made in the elementary schools, and it is of the 
utmost importance that this be undertaken at the 
earliest possible moment, but much can and must 
be done to provide corresponding educational 
facilities for those who have gone beyond the 
elementary school stage, either in years or in educa- 
tional attainment. 

In the matter of the provision of these facilities, 
the schemes of technical and trade classes organised 
by the London County Council and the Glasgow 
School Board respectively are of great interest, 
and worthy the consideration of all interested in 
the commercial and industrial future of the country. 
In the case of both cities it has been clearly recog- 
nised that the success of these classes depends to 
a very large extent upon the goodwill and active 
co-operation of employers of labour, and in both 
cases this has been actively sought and in large 
measure obtained. In this connection it is of 
interest to note that in the case of some large 
employers of labour in London classes have been 
held for their employees within the works—tuition 
and any apparatus required being provided by the 
London County Council. This shows a spirit alike 
creditable to the firms concerned and to the London 
County Council, but while excellent results might 
be secured in the teaching of general subjects, the 
method hardly seems adequate for the teaching of 
trade subjects, owing to the fact that outside 
teachers cannot be familiar with the latest trade 
practices. 

1t must of course be borne in mind that there are 
essential differences in the educational requirements 
of London and Glasgow, for whereas London is the 
centre of commercial rather than manufacturing 
activity, Glasgow is the centre of the vast industrial 
and manufacturing area embracing the Clyde 
shipyards and engine works, and the West of 
Scotland generally. It is therefore natural that 
technical and trade classes bearing upon the staple 
incustries of shipbuilding and engineering and their 





subsidiary branches should be proportionately 
more numerous in comparison to purely commercial 
subjects in the Glasgow scheme than in that of the 
London County Council. Under the London County 
Council scheme a boy can decide upon a trade and 
commence at the age of 13 or 14 a specialised course 
of two or three years, which is intended to fit him 
for starting his apprenticeship in the shops. He 
then proceeds to the evening class course in technical 
and trade subjects at a junior institution, and passes 
on to a Polytechnic or Technical Institute to com- 
plete his course, and, if desired, to work for the degree 
of B.Sc. The courses at the junior institutions and 
polytechnics are affiliated, and thus provide a con- 
tinuous course of instruction. Provision is made 
for approved trade apprentices attending their 
appropriate trade classes, and a scheme of fees 
graduated in accordance with the earnings of the 
student is a most admirable feature of this arrange- 
ment, while a further concession is made to meet the 
case of an unemployed student, whereby he may 
attend the classes free. In London there are 250 
institutions for the evening class instruction of 
students now open and providing classes to meet 
the requirements of those engaged in industry and 
commerce, ¢.g., engineering, building and chemical 
trades on the one hand, and shipping, railway, 
banking and insurance on the other. It is encourag- 
ing to note that during the conduct of the war, and 
the disturbance of every form of social life, there has 
been a great improvement in the attendance of 
young persons at evening schools during the session 
just ended over that of the previous session. With 
such hopeful encouragement from the attendance 
of last year, it is expected that the attendance for 
1917-18 will be greater still than that for 1916-17. 

Under the Glasgow scheme boys at the day school 
are not encouraged to specialise in trade subjects, 
and trade classes, as such, are not provided. In all 
local centres of industry evening continuation 
classes and technical classes are organised—the 
former acting as a connecting-link between the day 
schools and the technical classes and the latter 
providing a course of instruction which prepares the 
student for the higher technical instruction at the 
Royal Technical College, Glasgow. The local 
technical schools are affiliated to the Royal Technical 
College, and the course of instruction is thus main- 
tained at a uniform standard. The development of 
the purely trade classes has not been rapid, and has 
been very seriously hindered by the war. This is 
quite in accordance with expectations, as late work 
has rendered it quite impossible for students to 
continue attendance at such classes. 

The main points of difference between the two 
schemes are that whereas London provides for and 
encourages specialisation at an early age, Glasgow 
does neither. Nor is there in the Glasgow district 
any case of the School Board providing tuition for 
classes held inside or in connection with one works 
or group of works exclusively—although there are 
several cases where firms provide tuition for their 
own employees within their works. In favour of 
early specialisation and its natural corollary, special 
instruction, it can be urged that as so many lads 
receive little or no education after leaving school, 
it is better to concentrate upon the subjects which 
contribute directly to success in future business life, 
while, on the other hand, it may be said that the 
time available for general education is already too 
short for the end in view, and cannot without 
serious loss be curtailed, and the specialised trade 
or business education must therefore come later. 
It is now generally conceded that the basis of 
education must be broadened if real benefit is to be 
derived from it, and it does not seem possible to 
accomplish this satisfactorily in conjunction with a 
specialisation which could be of any benefit. 

The spirit in which the solution of the important 
educational problem has been tackled and the 
results achieved to date by the responsible authori- 
ties of London and Glasgow are alike encouraging, 
and justify the hope that the return to normal 
conditions after the war will see a very important 
extension of the facilities now described. As has 
already been said, the importance of the service 
which employers of labour and heads of commercial 
concerns can render to the success of education, 
both in the day schools and in the evening technical 





and trade schools, cannot be overestimated. It is 
only when the want to be supplied is definitely 
known that an intelligent effort can be made to 
supply it, and it lies within the power of the leaders 
of industry to formulate their requirements of 
employees, and then to confer with educationalists 
as to the best means of achieving the desired end. 
In this way only can rapid and efficient progress be 
made with the reorganisation of educational aims 
and methods to meet the changed conditions of life 
under modern conditions. Fortunately there is the 
evidence of both the London and Glasgow authori- 
ties for the belief that employers are now not only 
co-operating freely in the fixing of courses of study, 
but are affording additional facilities for the attend- 
ance of their employees at these courses. 





NOTES. 
THE Economica Use or Sxip TonNaGE. 

THERE is no need to enforce the vital necessity 
of economically using all ship tonnage, or, rather, 
the carrying capacity of all available tonnage. 
The absorption of so many mercantile ships for 
war service and the depletion of our fleet by war 
wastage make the necessity obvious, even to the 
layman. We therefore commend to the Shipping 
Controller and all in authority a promising and 
practical suggestion made by Mr. William H. 
Taylor, in an article in this week’s T'extile Recorder 
(Manchester). The effective use of the holds of a 
ship depends upon the density of the goods carried 
being such as will closely approximate to the dead- 
weight capacity. Where the density is low, as 
with cotton, timber, &c., the holds may be filled 
without the ship being laden to her designed loaded 
draught. Mr. Thomson’s contention is that cotton 
could be compressed to a much higher density than 
is now the case. He shows that the average density 
of the American bale is only 22 lb. per cubic foot, 
the Egyptian bale 37 Ib., and the Indian and 
Chinese bale about 56 lb. Thus a ship of 5,000 
tons deadweight capacity, and assuming 40 cub. ft. 
per ton, will only take 1,960 tons of American 
cotton, as against 3,333 tons of Egyptian, and 5,000 
tons of Indian and Chinese. In other words, if 
6,000,000 tons of cotton have to be transported 
across the ocean, the American system of baling 
cotton would absorb 3,061 vessels of 5,000 tons 
deadweight capacity, the Egyptian 1,800 vessels, 
and the Indian and Chinese 1,200 vessels. Alter- 
natively, if the transport were extended over a 
year, each ship making 12 voyages, the number of 
ships required would be respectively 255, 150 and 
100. Thus Lancashire mills could be kept going 
with 155 fewer ships -were the American cotton 
compressed to the same high density as the Chinese 
and Egyptian. Apart altogether from the greatly 
reduced capital cost of ships, which would be a 
permanent saving, the gain in carrying capacity 
during the war would be of immense advantage. 
What is needed is to overcome conservatism on 
the part of American cotton compressors, because 
there is no difficulty from the textile or mechanical 
standpoint. The cost of the new compressors— 
3,000/. each—would be small when compared with 
the capital saving on ships. There would be a great 
economy in transit by rail and road. Mr. Taylor 
says that the press companies of the United States 
ought to be patriotic enough to see the necessity 
of adopting high-density methods of compressing 
cotton, especially on account of the war, quite 
apart from the use of the method after the war. 
They cannot, however, be expected, even for the 
sake of future gain, to launch out into this tre- 
mendous expense of equipment as a mere emergency 
measure. For it must be remembered that the 
United States, Great Britain, France, Russia and 
Italy, and particularly the two first named, would 
be benefited as a whole, quite as much as the planters 
and shippers themselves. ‘As an emergency 
measure, therefore, it is up to the Governments of 
Great Britain and the United States, in the joint 
interests of themselves and the whole of our Allies, 
to formulate a scheme in co-operation with the 
Southern planters and compress companies, and 
with the spinners and manufacturers of Lancashire, 
to enable new high-density equipments to be in- 
stalled as rapidly as possible.” In Great Britain 
the movement might very well be initiated under 
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the auspices of the Board of Trade, headed by 
Sir Albert Stanley, in co-operation with the Cotton 
Control Board. 


Tae Limitinc Dimensions or Fiyrnac MAcHINEs. 


The fact that the weight of the largest flying 
bird is relatively low constitutes at least an a priori 
reason for believing that no very extraordinary 
increase in the present dimensions of flying machines 
is to be expected in the near future. Mechanical 
flight became practicable only when the weight 
of prime movers per horse-power developed had 
been reduced, as the result of motor-car develop- 
ment and experience, to an unprecedently low value. 
No doubt the petrol engine is still capable of improve- 
ment, but a complete revolution in the character 
of the power plant would be necessary to any 
extraordinary increase in the weights now possible. 
At a recent meeting of the Aeronautical Society 
Lieutenant A. R. Law gave an interesting curve 
representing an attempt to fix these limits on the 
basis of present knowledge. The curve, it is 
interesting to note, is based on data collected before 
the war, and in spite of the rapid march of improve- 
ment during the past eventful three years, it is still 
in good accord with the facts. Though no machine 
yet built has given a better performance than the 
ideal machine to which the curve relates, there are, 
however, now some indications that the improve- 
ments in materials and design may, in the near 
future, render possible some slight advance on the 
limits indicated. In determining the curve, an 
ideal machine was assumed embodying in every 
element the best coefficient of performance ever 
attained with any one of these elements. It was 
supposed to have the lowest weight per horse- 
power of engines and accessories recorded up to 
date, the lowest coefficient of glider weight, the 
highest engine and wing efficiency, and the highest 
propeller efficiency. The figures for these were 
largely taken from the reports of the army trials 
held some eighteen months before the outbreak of 
the war, and it is not a little notable that no machine 
yet constructed has shown a performance superior 
to that indicated on the curve. Of course glider 
weights may be reduced by adopting low factors 
of safety, and in military machines it is, on the 
whole, economical to run some risk in this respect. 
Moreover, if the “useful load” is reduced, naturally 
an apparently better performance will be realised, 
but the endurance will be correspondingly lowered. 
The curve has been drawn on the assumption that 
the useful load, which comprises petrol, passengers 
and stores, is one-fifth of the total weight carried. 
The ordinates represent the “ceiling” heights 
attainable with given total weights. Thus at sea- 
level flight is possible with a total weight of 124 
tons, of which 24 tons may be useful load. If, 
however, the machine is to be capable of attaining 
a height of 10,000 ft., its total weight cannot exceed 
5 tons, unless the useful load is reduced—which is 
taken, it will be seen, at 1 ton. With empty tanks 
of course the machine could rise above the 10,000- 
ft. level. It will be noticed that if a level of 25,000 
ft. is to be attained the limit of total weight is 
brought down to | ton if the useful load is 2 ewt. 
The reduction in carrying power with increase in 
height is due to the corresponding reduction in the 
density of the air. The limit of weight varies 
nearly as the cube of this density, and the heights 
attainable have accordingly been plotted as 


. . . 3 . 
ordinates against the ratio -” 3 88 abscisse, py 


: Po 
being the density of the air at sea-level and p 
the density at any other level. 





_ Srresses tn Roratine Discs: Errata.—tThe follow- 
ing misprints uire correction in the article on the 
above subject published in our issue of August 3 last. 
Page 109, column 3, line 23, for “a2” read “¢,.” Same 
page and column, line 29, for 


mg Vi — V2 _ mg Vi — ¥2,, 
m | — V2 (mp ¥1 — ¥2) 
sien mo Vi- ¥2_ gg hi- ve 
m 1 = ¥2 (mm, ¥i — ¥2 _ 9) 
Page 112, middle column, line 2 from bottom, for “2? ¥!" 
read «a - 


x oi, = 65 
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THE INSTITUTE OF METALS. 


The autumn meeting of the Institute of Metals 
was held at the rooms of the Chemical Society, 
Burlington House, on Wednesday last, the President, 
Sir G. T. Beilby, occupying the chair. 


THe New CovunciL. 


The secretary read the list of officers for the 
ensuing year, as nominated by the council, which 
was as follow :—President, Professor H. C. H. 
Carpenter ; vice-presidents, G. A. Boeddicker, 
Sir Thomas Rose and Walter Rosenhain ; members 
of council, L. Archbutt, Professor C. A. Edwards, 
Rear-Admiral George Goodwin, C.B., Sir Robert 
Hadfield, G. Hughes, R. 8. Hutton and Sir W. E. 
Smith. The secretary further added that there 
had been a large accession of membership since 
the last meeting, over 100 new names being sub- 
mitted. 

FatiavE Fartures or Brass. 


A paper entitled “ Experiments on the Fatigue 
of Brasses,”’ contributed by Dr. R. Parker Haigh, 
was then taken. We reproduce this in full on 
page 315. 

The discussion was opened by Mr. Arnold Philip, 
who suggested that it would be of interest to have 
for comparison the results of tests in which the 
variation of stress with the time did not follow 
the simple sine law, as it did with the apparatus 
used by the author. The fact established in 
the paper that the endurance of metals to 
fatigue sthesses might be greatly reduced in 
the preserice of corrosive agents was highly im- 
portant. An influence of this kind had, however, 
been more or less suspected for some years 
past. In fact there was a rough idea that boiler 
plates subject to periodic variations of stress 
due to alternate expansion and contraction by heat 
corroded more readily than unstrained metal. One 
explanation of this which had been put forward 
was that the products of corrosion were displaced 
by the motion of the plating, thus opening up fresh 
surfaces to attack. 

Dr. Cecil Desch, who followed, said that he had 
seen the author’s apparatus, and considered the 
method adopted particularly good, and he said this 
after experience with other apparatus. There was 
a substantial advantage in having the definite sine 
law of loading, as tests were then strictly comparable 
inter se and were accurately reproducible, which was 
not the case when the variation of stress with time 
followed, as it usually did, some indeterminate law. 
There were two possible explanations of the effect 
of corrosive agents on the endurance of the specimens. 
This might be due, as Mr. Philip had suggested, 
to purely mechanical displacements opening up the 
structure of the metal, allowing the reagent to 
be drawn in and giving rise to inter-crystalline 
separation of adjacent layers. Secondly, if the 
amorphous phase were produced as a consequence 
of the stress, this would be more readily attacked 
than the normal metal. 

Dr. Walter Rosenhain, who spoke next, said 
the paper filled a gap in technical literature which 
had been very palpable to those at work on the 
subject of fatigue. It had in fact been necessary, 
in discussing the fatigue of non-ferrous metals, to 
base conclusions on experience with steel owing 
to the lack of data for the brasses. The ex- 
periments in the paper had now definitely shown 
that the two classes of metals behaved under fatigue 
tests in much the same way. A point of interest 
was the failure to establish any close connection 
between the primitive elastic range of the metals 
tested and their endurance under alternating stress. 
This matter would require further careful study. 
Whether there was this physical difference between 
brass and steel was a matter of first-rate 
importance. The effect of corrosion on endu- 
rance was partially raised in the paper, and had 
occupied the attention of all who had investigated 
actual fractures. The failure of steam boiler plates 
under the conditions named by Mr. Philip were 
well known. though the speaker did not accept 
the explanation put forward. In service a groove 
often formed along the line indicated in Fig. 1, and 
was due merely to corrosion. In exceptional cases 
a crack started in the bottom of this groove and 





went through the plate, which failed thus along 
a line where there was more metal to break through 
than there was along the line of the rivet holes. 
The ultimate cause was not the mechanical dis- 
placement of the products of the corrosion, but 
the fact that amorphous metal was produced by 
the straining, and this had a greater power than the 
normal phase of absorbing gases. If these were of 
a corrosive kind the breakdown of the metal was 
facilitated. This effect had been well illustrated 
at one of these meetings some years ago, in which 
a bar of cold rolled brass “ burst” when immersed 
in a solution of mercuric chloride. In this case 


no doubt the corrosion was of a greatly accelerated 
type. In Dr. Haigh’s experinents the action was 
less violent but was long-continued. If, as had been 
suggested, the oxygen of the air might have acted 
as a corrosive agent during endurance tests, it would 
be of interest to make tests with the specimens 
protected by a film of oil, and to ascertain whether, 
thus treated, they would endure longer than when 
clean and dry. 

Lieutenant Jenkins asked if the author could give 
any information as to the minimum size of scratch 
which would be likely to have a deleterious effect on 
the endurance. Was it necessary to burnish the 
pieces ? Fatigue failures starting in sharp corners 
and in scratches were, he might say, common in 
aeroplane engine practice. Again, would paint 
suffice to protect metal under alternating stress 
from the action of corroding agencies ? 

In reply Dr. Haigh said that the advantage of 
the sine function lay chiefly in the greater ease with 
which the apparatus was calibrated. He believed 
that with the stress varying according to another 
law somewhat different results might be recorded, 
but he had not investigated this and hardly felt 
inclined to do so. By reversing one of the magnets 
of his apparatus, which was, it should be noted, 
fed with two-phase current, the two magnets might 
be made to give asteady pull, which could be easily 
measured by an extensometer. In practice it was 
not possible to so completely get rid of the higher 
harmonics as to get the pull absolutely steady, but 
the result was very approximately achieved ; 
and a very useful check on the calibration of the 
tester could in this way be obtained. Dr. Desch 
and Dr. Rosenhain had raised the question as to 
the effect of corrosive gases, and the possible pro- 
tective action of oil or paint. He had not tried 
this, but he had noted that the oil in the screw 
couplings of the tension bars of his machine car- 
bonised very rapidly when the machine was at work. 
It was difficult to fix a safe limit to the depth of 
scratches. What he had done was to use a very 
fine wheel in grinding up his test pieces, but he had 
not burnished them, as he feared that the surfaces 
stresses thus produced might have a worse effect 
than the fine scratches left by the wheel he used. 
As to fillets, a very small one was better than none. 


In making large fillets, however, there was a 
danger that the workman might produce some- 
thing like the profile represented in Fig. 2, which 
showed a dangerous shoulder. 

Sir George Beilby asked the author if he had 
tried low temperature annealing, as he had found 
some years ago that a temperature of even 100 deg.C. 
might afford a very great relief of strains, getting 
rid of all those which would naturally disappear 
with time, though it produced no re-crystallisation 
of the metal. 

In reply Dr. Haigh said that he had found that 
a bar of steel strained some 5 per cent. to 10 per 
cent. beyond the yield-point, and then subjected to 
a fatigue test, gave better results if annealed at 
the low temperature stated, although the ordinary 
tensile test was unaffected. 
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Sir George Beilby added that he thought the 
usefulness of hard-drawn wires would be increased 
by steam annealing. 


HaRDNEss OF METALS. 


A paper by Professor T. Turner, on “ Hardness 
and Hardening.” was next taken. In this the 
author criticised Le Chatelier’s suggestion that it 
was impossible to measure hardness, since the 
quality in question followed neither the law of 
equivalence nor that of accumulation. In Professor 
Turner’s view this was to unduly restrict the use of 
the word “ measure.” The author defined hardness 
as the property whereby one body was able to 
penetrate another; and said that this was really 
equivalent to Osmond’s definition of hardness as 
“resistance to permanent deformation,” and to 
Hadfield’s definition as “resistance to deforma- 
tion.” He criticised the Brinell test because an 
appreciable quantity of metal was displaced by it, 
this displaced material becoming, in consequence, 
more or less work-hardened. He did not consider 
resistance to wear and hardness as interchangeable. 
All hardening was due either to alloying or to cold 
working. Hardness produced by cold working was, 
he suggested, due to the amorphous films (separating 
the softer crystals) being in a state of tension. The 
interior of the crystals was thus in a state of com- 
pression. On this view it was easy to see why it 
was impossible to harden the whole of the material 
of a bar by cold working it, since enough of the 
normal material must remain to take the pull of the 
tensions in the amorphous films. We shall publish 
this paper in full in another issue. 

The discussion was opened by Colonel Belaiew 
of the Russian Artillery, who observed that the 
Brinell test had added much to our knowledge of 
materials in spite of the fact that in making it there 
was, as the author said, an appreciable displacement 
of the metal, which could accordingly not be tested 
a second time in the same spot. In practice this 
mattered nothing, as a fresh spot was chosen for 
the second test. There was, however, one important 
point to be attended to in making Brinell tests, and 
that was to make sure that the conditions were 
strictly comparable. All alloys had a network struc- 
ture, and different results would be obtained accord- 
ingly as the ball lay entirely within a single cell of 
this network or bore upon more than one mesh. 
If these meshes were very large, as they might be 
in some cases with steel, the test would give the 
hardness of the pearlite, whilst if the ball bore on 
two cells, an entirely different figure would be 
recorded. This, however, would not indicate that 
the test was inaccurate, or that the metal lacked 
homogeneity, but merely that too-small a ball had 
been used in making the test. In short, in making 
Brinell tests it was important, if we wished to get 
the full benefits of the system, to pay attention to 
both the micro- and the macro-structure of the 
alloy under examination. Discordant results were, 
therefore, often due to the fact that different com- 
ponents of the alloy were being tested in different 
cases. 

Mr. Cosmo John, who spoke next, said that the 
word hardness had already been appropriated and 
defined by mineralogists, and this definition was 
well understood, although not of a quantitative 
character. Much conflict and difficulty had arisen 
irom using the term for properties of entirely different 
kinds He could not agree with the author’s 
suggestion that hardness should be defined as 
resistance to interpenetration of one body by 
another. Under certain conditions soft bodies 
could readily penetrate much harder ones.. What 
the Brinell test measured was the yield-point or 
tenacity, and there was no necessity to introduce 
the term hardness, which was really measured by 
the resistance to abrasion. The difficulty was to 
get a sufficiently hard standard of comparison. 
In the speaker’s view no method of testing hardness 
was applicable to a conglomerate. In the case 
of iron and steel an amorphous phase was pro- 
duced by cold working, and material thus treated 
had a very low elongation. It was necessary with 
such materials to state the condition to which the 
hardness was referred. In this connection he 
thought it would be well to drop the term amorphous 
phase and treat the altered material as an under- 
cooled liquid having a high viscosity comparable 





to that of a solid, and which could accordingly be 
tested for hardness by abrasion. He did not 
think that much progress would be made till the 
use of the term was restricted as he suggested, in- 
stead of being applied indiscriminately to a variety 
of properties. 

Dr. Rosenhain said that the author had opened 
up a very wide subject, and he did not think the 
matter of defining the term hardness could be settled 
in quite the breezy fashion adopted by the last 
speaker, who took them to task for applying the 
term to a mixture of physical properties. As for 
the proposal to consider hardness as resistance to 
abrasion, this resistance was not a simple property. 
In the first place the abraded metal had to resist 
penetration by the testing point, and in this resist- 
ance tenacity and other qualities were involved. 
Hence such a definition was no simpler than any 
other. As a matter of fact, the principal concern in 
practice was the hardness of conglomerates, and it 
was necessary to have a definition of what was to 
be understood by the hardness of an alloy. The 
speaker would suggest that hardness was the 
property, not of a material, but of a surface, and 
the hardness of a surface was measured by the 
stress it could withstand without permanent 
deformation. His suggestion ,was to idealise 
the Brinell test, and to define hardness as mea- 
sured by the load which would, in a Brinell test, 
give an infinitely small permanent indentation. 
The objection to the ordinary Brinell test lay in its 
changing the structure of the metal. If it were 
possible to eliminate this, and determine the pres- 
sure which would just not produce a permanent 
mark, the value of the test would be increased. 
This would be difficult in practice, and we should 
probably have to be content to measure the first 
perceptible indication of deformation, just as in 
tensile tests the yield-point was defined by the 
stress at which permanent elongation first became 
capable of detection. As now applied, we had in the 
Brinell test a constant load and a variable indenta- 
tion. It would be better to have a variable load 
and a definite deformation. He thought that there 
was a good deal to be said for the author’s theory 
of work-hardening, but he could not follow him 
in all the details, though he did in the suggestion 
that the amorphous films were in a state of tension 
and the rest of the metal in compression. This, 
however, was not new, having been put forward 
by Humphrey some years ago to explain why 
raising the elastic limit in tension lowered that in 
compression. Obviously, if the first deformation 
left in the interior of the specimen films strained in 
tension, less external load should be required to 
produce yield on compressing the strained material. 
The theory was very pretty, and worked in very 
well, but it was difficult to find a direct proof that 
the condition in question actually existed. If two 
Johanssen gauges were pressed together, they would 
adhere, and require a considerable effort to separate 
by a direct pull; yet the adherent surfaces would 
slide over each other with comparative ease. Simi- 
larly, with crystalline forms, although the atomic 
attractions might be large, deformation by sliding 
was relatively easy. When, however, owing to cold 
working, the space lattices were deformed, the 
resistances to be overcome might include direct 
forces between adjoining surfaces, and not merely 
a sort of frictional resistance to sliding. The metal, 
accordingly, would be harder. In this way a 
picture might be formed of what happened when a 
crystalline structure was interrupted by the effects 
of plastic strain. 

Dr. Hatfield said that it seemed a waste of energy 
to try and define hardness. It would be better, 
rather, to analyse the different properties concerned. 
The Brinell test was not a valuable guide to the 
machining properties of a material, nor was hardness 
a definite indication of resistance to wear, which was 
practically the same thing as resistance to abrasion, 
to which Mr. Cosmo John wished to restrict the term. 
Dr. Rosenhain’s suggestion was of interest, but it 
might fail owing to the fact that a less stress as 
ordinarily measured would produce greater per- 
manent sets with increasing thicknesses of the 
specimens. Professor Turner’s definition appeared 
inadequate as it stood ; to be satisfactory the resis- 
tance to interpenetration must be that shown in 





static tests. The author had said that the Brinell test 
measured the pressure a surface would stand without 
deformation. With a 90-tonsteel the figures obtained, 
using the Brineli test were : diameter of deformation, 
3.05 mm., Brinell number = 4.05, corresponding 
stress, 255 tons per square inch. The stress in the 
hardness test was thus much higher than in the 
tensile test. In this connection it should be 
observed that brittleness was not the direct oppo- 
site of ductility, as some steels which were very 
ductile as reckoned by their elongation under 
tensile test proved very brittle in shock tests. It 
would be interesting to know if this was also the 
case with non-ferrous metals, and if these also 
might be ductile in tensile tests and fragile in 
impact tests. 

Mr. Ellis said that Dr. Rosenhain had referred 
to the Brinell test as a means of estimating the 
yield-point, and it was of interest to note that Brinell 
had used his method for this very purpose by deter- 
mining the least pressure which would produce 
a visible deformation of the polished surface of 
a specimen undergoing a tensile test. Professor 
Turner had attributed to Heyn the method of in- 
vestigating the internal stresses in a work-hardened 
bar by turning off successive layers, but this method 
had been followed at Watertown as far back as the 
nineties. A simple method of determining the exist- 
ence of such strains in bars of non-ferrous metal was 
to slot them longitudinally. The speaker had done 
this to convince a manufacturer that certain failures 
were due to the existence of such stregses, and not, 
as the maker contended, to a cold wind blowing on 
one side of the bar and not on the other. He 
thought that it might be possible to have the con- 
nection between hardness and the surface mole- 
cular energy of a material expressed in terms of 


8 (= '), where 8 denoted the surface tension of 
p 


the metal and A its atomic volume. With cold- 
worked materials the product of the tenacity into 
the elongation was generally diminished, a fact 
which went far, he thought, to prove the truth of 
the amorphous film theory. 

Dr. Desch said that greater precision would be 
necessary if a satisfactory definition of hardness 
was to be obtained. If hardness was resistance to 
penetration, then the word penetration itself required 
definition. The penetration in the Brinell test 
was quite different from that due to cutting tools. 
His own experience was that the mineralogists’ 
test of hardness was of greater value in fixing 
“ machining” hardness than was the Brinell test. 
The original mineralogists’ sclerometer was capable 
of great accuracy and could be improved upon. 
Mineralogists used a Jaggers diamond drill, which 
was rotated against the specimen, supported on the 
stage of a microscope, through which the operation 
was watched until a certain definite penetration 
was attained. By this process the hardness of the 
different constituents of an alloy could be deter- 
mined separately, by using a small enough diamond. 
The instrument, however, was not suited to the 
workshop. The method attributed to Heyn of 
determining internal stresses by machining off suc- 
cessive layers of cold-wrought material was even 
older than Mr. Ellis had suggested. It was fully 
described (in English) by a Russian experimenter 
some forty years ago. 

In reply Professor Turner said that Colonel 
Belaiew was undoubtedly right in pointing 
out that even in the same specimen two different 
materials might be tested by the Brinell method. 
As to the necessity of excluding dynamic tests in 
defining hardness as resistance to. penetration, the 
speaker had already noted this in a paper pub- 
lished by the Iron and Steel Institute. He thought 
that hardness determined as Dr. Rosenhain had 
suggested would be much the same as if measured 
by the production of a scratch of standard width. 
The mark from a point would be difficult to see, a 
line being better in this regard, but otherwise there 
was little difference between them. As to Dr. 
Hatfield’s remarks, he would ask how it was possible 
to have analysis without definitions as a necessary 
preliminary. It was quite true that a material 
ductile in one test might be brittle in another, but 
this did not imply that brittleness and ductility 
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were not opposite properties, the material being 
actually ductile in the one case, and brittle under 
other conditions. The term hardness was in use 
long before mineralogy was invented, and he dis- 
puted the attempt to restrict it to the mineralogists’ 
definition. Resistance to abrasion would not serve 
as a definition, since copper was more difficult to 
grind than hard steel, filling up the pores of the 
emery wheel. He came back, therefore, to the view 
that hardness was the resistance of a surface to 
deformation. 


ANNEALING OCoLp-RoLLED ALUMINIUM. 
Professor H. C. H. Carpenter then gave an 
abstract of a paper on “The Effects of Heat at 
Various Temperatures on the rate of Softening of 
Cold-rolled Aluminium.” This paper described 
experiments by himself and Mr. L. Taverner, 
demonstrator of metallurgy at the Royal School 
of Mines. The points established were that work- 
hardened aluminium softened rapidly on exposure 
to a temperature of 300 deg. to 550 deg. C., its 
tensile strength falling from about 11 tons to 53 
tons. Annealed at 250 deg. C. the effect was 
slower, but the final result was the same, and 
was attained in from 600 to 800 hours. It was 
further found that annealing proceeded even at 
as low a temperature as 100 deg. C., but after a 
somewhat rapid initial drop of strength the tenacity 
again rose with a longer exposure, to sink again, later 
on, to a value which, in the course of perhaps three 
years, would be apparently the same as the final 
result at higher temperatures. We intend to 
reprint Professor Carpenter’s paper in full in a 
future issue. 

In declaring the discussion open Sir George 
Beilby asked if the specimens were all } in. thick, 
and, on receiving an affirmative reply, said that he 
had found that the actual mass of the metal had a 
considerable effect on the time taken to complete 
changes. With extremely fine wires, for example, 
quite different results were recorded than with 
stouter ones. 

Dr. Seligman said that there was both a scientific 
and a practical aspect to the experiments described 
in the paper. In the first place he might note the 
very close parallelism between the results of the 
mechanical tests and those of the speaker and Mr. 
Wilson on the chemical properties of the material. 
He thought the tests showed that the annealing 
process was not as simple a matter as it was some- 
times said to be. In the low-temperature tests 
there were apparently two—at least two—distinct 
phenomena concerned, which was in accord with 
Howe’s view as opposed to that of Le Chatelier. 
The author’s specimens contained silicon, and there 
was evidence to show that in cold-worked alumi- 
nium 57 per cent. of the silicon was present as silicon, 
whilst it was all combined in the soft metal, though 
he understood that Rosenhain held that it was 
really the origin of the metal which fixed whether 
the silicon was combined or graphitic. If cold rolling 
did have this effect it was a very peculiar phenome- 
non. He asked if the degree of cold working affected | 
the temperature at which annealing would com- | 
mence. Hitherto for information as to the behaviour | 
of aluminium at different temperatures they had | 
been dependent on three papers—one by Bengough, | 
another by Le Chatelier, and a third by Baumann. | 
All had the defect of not taking into account the 
permanent effects of the temperature on the metal. 
The present paper therefore filled a gap. Thus 
Bengough found that a specimen with a normal | 
tensile strength of 8.6 tons retained when heated | 
to 275 deg. C. 57 per cent. of its strength. It | 
was now known that, given sufficient time, this figure 
would fall to 50 per cent., even if the test were | 
made after cooling to 20 deg. C. Hence the test | 
at 275 deg. gave merely the momentary value of the | 
resistance. He had but two criticisms to make. | 
The author declared that work-hardened aluminium 
was useless if liable to exposure to 200 deg. C. 
He thought this was going too far, as there were 
cases in which it might be necessary to use it at | 
this temperature, but it was, of course, then | 
impossible to rely upon the strength due to the 
work-hardness. He also thought that the anticipa- 
tion that at three years the strength would be 
lost even at temperatures in the neighbourhood of 
100 deg. C. was possibly too unfavourable. Quite 





a small change in the assumed shape of the extra- 
polation curve would give a life of nine years. 

Dr. Gwyer, who spoke next, said the results 
recorded in the paper agreed with his own experience, 
though he had made no experiments at very low tem- 
peratures, nor had he gone in for very long period 
tests. He could, however, confirm the conclusion 
that in all cases the final result was the same. 
He noted that the metal used contained some 
0.35 per cent. of Si. This was rather high for the 


|commercially pure metal, and the iron at 0.72 per 


cent. was extraordinarily high. The author stated 
that the metal had been severely cold worked. 
It would seem, however, from the tensile strength 
given of 11 tons per square inch, that this was not 
in any way abnormal. Metal of the gauge stated 
generally ran to about the figure quoted. Thus, 
in his own work, specimens with 0.45 per cent. of 
silicon and 0.55 per cent. of iron, rolled by the 
ordinary methods, had a tensile strength of 10.45 
tons when the thickness was }in. The corresponding 
elongation was 8.5 per cent. He considered the figure 
given for the primary elastic limit of the metal as 
of extraordinary interest. The speaker had found 
that‘aluminium resembled gold in having no definite 
annealing temperature, and for practical purposes 
he had assumed that softening had commenced 
when the tensile strength dropped } ton per square 
inch, and this fall might occur over a range of 
from 40 deg. to 200 deg. C. The thickness of the 
metal was important. Thus, with }4-in. plate the 
tensile strength began to drop at a temperature of 
240 deg. O., but the final state was not reached in 
480 hours. With the metal rolled to } in., softening 
began with temperatures between 130 deg. and 
220 deg., and the final state was reached in 450 hours 
to 480 hours. When ,}, in. thick, the strength fell 
$ ton at 80 deg. C. 

In reply Professor Carpenter said that the 
temperature at which annealing began was affected 
by the degree of work-hardening—the greater the 
cold working, the lower the temperature at which 
annealing began. The effect of the relatively large 
silicon content of his specimens was that the 
softening proceeded rather quicker, but the copper 
and iron had little effect. 


Ercuine By CHromic AciIp aND HyDROGEN 
PEROXIDE. 

A note by Mr. 8S. W. Miller, on “The Use of 
Chromic Acid and Hydrogen Peroxide as an Etching 
Agent,” was taken as read, and the meeting ad- 
journed, to meet again at 8 o’clock, when the follow- 
ing papers were taken: (5) “Further Notes on a High- 
Temperature Thermostat,” by Mr. J. L. Haughton, 
M.Se.: (Teddington), and Mr. D. Hanson, M.Sc. 
(Teddington); (6) ‘‘ Principles and Methods of a 
New System of Gas-Firing,” by Mr. A. C. Ionides 
(London); (7) “Fuel Economy Possibilities in 
Brass-Melting Furnaces,” by Mr. L. C. Harvey 
(London); ‘The Effect of Great Hydrostatic 
Pressure on the Physical Properties of Metals,” 
by Professor Zay Jeffries, B.Sc. (Cleveland, U.S.A.). 
We shall deal with the proceedings at the evening 
session in our next issue. 





OxIDIsInG GASES IN THE TROPICAL ATMOSPHERE.— 
Two reasons are suggested for the rapid decay and 
bleaching which rubber goods and fabrics of silk and 
cotton undergo in tropical climates: the intense light 
and heat, and further—since the decay is rapid also 
in the dark—a higher percentage of such active gases 
as ozone, hydrogen peroxide and oxides of nitrogen 
in the tropical atmosphere than in our atmosphere. As 
there are hardly any data concerning these percentages, 
Professor F. L. Usher and Mr. B. 8. Rao (Transactions 
of the Chemical Society, August, 1917, pages 799 to 
809) resolved to determine them at the Bangalore College, 
in India. The determination of traces of gases in large 
volumes of other gases is always very difficult, and in 
the case of these three particularly so. Professor 
Usher found that alkaline or neutral sodium nitrite is a 
reliable reagent for the ozone determination. The 
preliminary account referred to deseribes the method 
in detail. Only 14 complete determinations had so far 
been made, and in 12 of those none of the three gases 
were found ; in the other two cases traces of nitrogen 
peroxide were discovered. The experimenters do not 
wish to draw any conclusions ; but they point out that 
apparently nitrogen peroxide and ozone cannot exist 
together in the atmosphere, as they would react under 
formation of nitric acid. Perhaps the moist, hot 
atmosphere, favouring fun growth and other decay, 
is mainly responsible for the destruction of the materials 
mentioned, in accordance with the popular belief. 








THE IRON AND STEEL INSTITUTE. 


THE autumn meeting of the Iron and Steel 
Institute opened yesterday, and is being continued 
to-day, in the hall of the Institution of Civil 
Engineers, under the chairmanship of Sir William 
Beardmore, Bart. 

Sir William announced that the Council had 
nominated Mr. Eugéne Schneider, the well-known 
French ironmaster, to be the next president, and 
that Mr. Schneider had accepted. 

The first paper taken at yesterday morning’s 
meeting was the one by Messrs. G. Barrett and 
T. B. Rogerson, on ‘‘ Present Practice in Briquetting 
of Iron Ores.” It was read in abstract by the 
former. We reproduce it in full on page 299. 

The next paper on the list was on “ New Experi- 
ments on Shock Tests and on the Determination of 
Resilience,” by Mr. G. Charpy and Mr. A. Cornu- 
Thenard ; it was read in abstract by the secretary. 
It was followed by the paper entitled “‘ Notes on 
the Heat Treatment of Grey Cast-Iron,” by Mr. J. 
E. Hurst, who read it in abstract. 

It will be remembered that five technical com- 
mittees have been formed of members of the Insti- 
tute. Committee No. 3, for steel and its mechanical 
treatment, the chairman of which is Mr. George 
Ritchie, and the vice-chairmen Mr. A. J. Capron 
and Mr. E. H. Saniter, held its first meeting yester- 
day afternoon, when the preliminary reports of the 
metallurgical and of the mechanical sections were 
read and discussed. 

We propose to report the proceedings fully in our 
next issues. 








Tue New Qvuesec Bripce.—tThe erection of the 
5,000-ton suspended span of this gigantic structure 
was commenced on Tuesday last as has proceeded 
satisfactorily up till the moment of going to press. 
The plan of erection followed is in essentials the same as 
last year, when, it will be remembered, the failure of a 
casting used for part of the hoisting tackle led to the 
overturning of the span and its fall to the bottom of the 
river. 


RECONSTRUCTION OF THE NIAGARA CANTILEVER 
Bripce.—The cantilever bridge at Niagara Falls, built 
in 1883-84, to the designs of the late €. C. Schneider, 
is to be replaced by a steel arch. This bridge had to be 
strengthened in 1900 to meet the large increase in the 
weight of trains which had occurred since the design 
was prepared. This rise in the intensity of the rolling- 
load has now progressed further, and, to meet it, it has 
been decided to rebuild the bridge as a steel arch, with 
a span of 560 ft. 





Macutne Toots.—The use of milling machines and 
grinding machines, says Machinery, New York, has 
increased greatly during the past ten years, and these 
machines are now regarded generally as standard 
machine-tool equipment. There is little question of the 
superiority of the milling machine over the planer or 
shaper for manufacturing parts in large quantities. 
Nor can the place of the grinding machine as a follower 
of the lathe for finishing cylindrical surfaces be longer 
denied. But notwithstanding the great increase in the 
use of these machine tools, the lathe is still the recognised 
leader of all. More lathes are built and sold than any 
other machine tool, except drilling machines. Planers 
have their place in the machine shop, and will always 
be used for jobbing and repair work, and probably for 
— the working surfaces of machines that must be 

ighly accurate, The shaper and slotter have their 
recognised places also. The point to be made is that 
the development of any type of machine tool does not 
necessarily, if ever, result in displacing another; it 
may, in fact, make a better and broader market for all. 





MINIstTRY oF LABOUR EMPLOYMENT DEPARTMENT. 
The Ministry of Labour has issued a memorandum 
with regard to the constitution and functions of the Loca! 
Advisory Committees now being formed in connection 
with the Employment Exchanges. Reference to these 
committees was made in a resolution passed by the 
Trade Union Congress at Blackpool this month, to the 
effect that “It welcomes the appointment of Advisory 
Committees to assist in the work of Employment 
Exchangee, provided they are collectively nominated by 
the bodies to be represented, and the duties assigned 
to these committees should be extended so as to give 
them a real opportunity for rendering service to the 
department.” mong the most important functions 
which it is hoped the committees will perform imme- 
diately is that of facilitating the work of providing 
substitutes for men released for the Army, and generally 
assisting to promote the most advantageous use of the 
available man-power of the country. The Minister of 
| Labour is extremely gratified at the response made by 
| associations of employers and workpeople to his invi- 
| tations to nominate members for these committees. 
| Good progress is being made in the formation of the 
|committees, and the representation of employers and 
| workpeople on about a hundred committees is now 
almost complete. 
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INDUSTRIAL NOTES. 


Tue Director of the Department of Labour Statistics, 
writing on the state of the labour market in The 
Labour Gazetie, states that in August nearly all the 
principal industries were fully employed, and in many 
cases much overtime was worked. In the woollen 
and worsted trades, however, reduced hours were again 
the vogue in accordance with the Wool (Restriction 
of Consumption) Order, 1917, and the effect of this 
restriction was also felt in several of the other textile 
trades. : 

The average weekly number of vacancies notified to 
all Employment Exchanges for the four weeks ended 
August 10, 1917, was 32,626, as compared with 36,904 
in the previous five weeks, and with 39,113 in the four 
weeks ended August 11, 1916. The average weekly 
number of vacancies filled for the same periods was 
24,915, 28,222 and 30,846 respectively. 

The changes in rates of wages (including war bonuses) 
reported to the department as taking effect in August 
affected nearly 1,400,000 workpeople, and resulted in 
a net increase of nearly 180,000/. per week. With 
few and comparatively unimportant exceptions, the 
changes were all increases. 

The number of disputes beginning in August was 49, 
and the total number of workpeople involved in all 
disputes in progress was 63,735, as compared with 
45,425 in the previous month- and 21,096 in August, 
1916. The estimated total aggregate duration of all 
disputes during the month was 332,700 days, as 
compared with 260,600 days in July, 1917, and 78,900 
days in August, 1916. 





Retail prices of the principal articles of food on 
September 1 averaged about 2 per cent. higher than 
on August 1. As the figures relate to September 1, 
they are prior to the entry into force of the Food 
Controller's recent orders reducing prices. As com- 
pared with September 1, 1916, an average increase of 
about 25 per cent. is recorded. As compared with 
July, 1914, the increase is 106 per cent., which, how- 
ever, falls to 67 per cent. when the possible economies 
and substitutions are taken into consideration. 





The Supreme Court of Washington, says The Iron 
Trade Review, Cleveland, Ohio, has settled a question 
that has annoyed the State Courts for years, and 
caused no end of trouble to business houses and 
industrial plants. It has decided against the peaceful 
picketing of premises during a strike, declaring it 
contrary to the spirit of American institutions. The 
court holds picketing to be intimidation and a form 
of blacklisting that has been forbidden by the same 
court in other cases. The court said that “‘the right 
to conduct a lawful business in a lawful way, without 
molestation of other persons, needs no argument to 
sustain it.” In the case under consideration the 
appellant was able to show a loss of 75 per cent. of his 
business by reason of the picketing of his premises. 
The Seattle Labour Council, which carried the case 
to the Supreme Court, will ask a rehearing. Failing 
in this, it proposes to take it to the Supreme Court 
of the United States, on the claim that the Clayton Act 
legalises picketing and other peaceful activities of 
organised labour. 





Sir Arthur Whitelegge, K.C.B., who has held the 
appointment of H.M. Chief Inspector of Factories and 
Workshops at the Home Office for more than twenty- 
one years, will retire in the course of next month, on 
reaching the age limit of 65, and the Home Secretary 
has appointed Mr. H. M. Robinson, the senior Deputy 
Chief Inspector, to succeed him. An arrangement has 
been made under which Sir Arthur Whitelegge will 
continue to give his services to the Factory Department 
in an advisory capacity on questions of a technical and 
scientific character. Mr. R. E. Graves, the junior 
Deputy Chief Inspector, will now be¢ome senior Deputy 
Chief Inspector, and Mr. Gerald Bellhouse, Super- 
intending Inspector of Factories, has been appointed 
junior Deputy Chief Inspector. 





The offices of the Conciliation and Arbitration 
Board for Government Employees have been removed 
to Sanctuary Buildings, Great Smith-street, S.W. 1. 





_ On Thursday, the 13th inst., Sheriff Fyfe decided, 
in the Glasgow Small-Debt Court, a test case in which 
a workman sued his employers for 2s. 4d., alleged 
to have been illegally deducted from a week’s wages, 
and the employers counter-claimed for 3s., 9lleged to 
represent time returned on a time card, which time had 
not been worked. The men, from Glasgow, were 
working on a boat at Greenock which was due for 
delivery, and in order to finish some urgent work it 
was arranged to work overtime till 9.30 on the day in 
question. But the last train from Greenock was at 
8 o'clock, and to get a full overtime day the squad 





foreman and the men, unknown to their employers, 
arranged amongst themselves that they would work 
in meal hours for 14 hours and leave in the evening 
1} hours earlier than the usual overtime period, and 
return their time-cards up to the full usual overtime 
limit. When they discovered that this had been done, 
the employers deducted 14 hours off the pay slip, and 
this was the 2s. 4d. sued for. The employers’ counter- 
claim arose on the same practice, but applied to day 
time, not overtime. The working day ends at 5.30, 
but on a similar arrangement with their foreman the 
men had left by a four o’clock train, compensating 
that, as they said, by working 1} hours at meal times. 

The Sheriff refused the workman’s claim and granted 
the employers’ claim, with expenses. The Sheriff 
said the money value of the case was of small conse- 
quence, but the principle involved was important, and 
reached far beyond the Clyde district. The question 
of law was whether it was within the scope of a man in 
the position of this foreman to bind his employer to a 
serious alteration of the contract of service. He most 
certainly thought it was not, and the alteration the 
foreman and the men took it upon themselves to make 
was a most essential one. The breakfast break was 
three-quarters and the dinner an hour. He could 
hardly conceive that the squad could breakfast and 
dine in 7} minutes for each meal, and that was all that 
was left to them if they really put in 14 hours’ work. 
If they did that it was very bad for them, and certainly 
would not improve the afternoon’s work. But even 
if it was done they had no right to do it. He could not 
countenance this sort of manipulation of the overtime 
hours. 

He thought that if it had been the converse case— 
that the employers were asking the men to work in 
their meal hours—there would have been a trade- 
union storm. It was not in the interest of either 
employers or men that the breaks, which were meant 
for relaxation from work, should be converted into 
working hours. The men had not been working during 
meal hours in implement of any contract of service 
or in accordance with any usage of trade, and they 
could not ask to be paid for these hours as working 
hours. The Sheriff expressed strong disapproval of 
the whole arrangement, the purpose of which was to 
enable ‘the men to get paid up to the full time, and for 
overtime, during the stopping hour, when in point of 
fact they had not worked up to it. 





Mr. L. A. -Paish, representing the Department of 
Commercial Intelligence, Board of Trade, and Mr. 
C. Hamilton Wickes, British Trade Commissioner in 
Canada, addressed last Monday, in Birmingham, a 
large meeting of members of the Brass Masters’ 
Association. 

In the course of his address Mr. Paish said that the 
idea of the new department of the Board of Trade 
was to get under one control the duty of giving in- 
formation ._to the commercial community in this 
country, and he was sure that the announcement that 
Sir A. Steel-Maitland was to be the head of it would 
be greatly appreciated by Birmingham manufacturers. 
After explaining the cartel system in Germany, the 
speaker said the Government of that country were 
making a strenuous attempt to get all their manu- 
facturers into syndicates, and were pressing upon 
them that the only way in which they could regain 
their place in the sun was by adopting that form of 
trading. The considered policy of the Board of 
Trade, after investigating the question, was that if 
British manufacturers were going to increase their 
export trade after the war, if they were going even to 
regain the trade lost, it was essential to get together 
in some sort of trade combination. They were pre- 
pared to face the question of trusts or combines, 
because if we were to take our stand it would be 
absolutely necessary to adopt somewhat similar 
methods to those abroad. The insane competition 
between home manufacturers did no good at all. 
They would get enough competition from abroad 
without bothering about the man in the next street. 
The strongest argument in favour of combination in 
the brass trade was that it would enable manufacturers 
to specialise in a small range of articles—i.c., they 
would make a large number of a small variety and not 
a small number of a large variety. There were many 
other advantages. One was the possibility that a 
trade combination covering the whole of the Birming- 
ham brass masters would be able to undertake the 
systematic inyestigation of any definite market they 
wanted to attack. His department was prepared to 
co-operate, even with financial assistance, in sending 
out representatives, for it (the departinent) was out to 
give manufacturers and traders every possible assist- 
ance that they could reasonably expect in the develop- 
ment of the export trade. Another popular advantage 
of combination was the power it afforded to dump, 
if required. The department had instructed him to 
take steps to get a trade association of brass masters 
actually going. The form of the combination—the 


cartel or the full merger .type—was a matter for 
themselves. 

# Mr. Wickes confirmed these statements, and added 
that at the close of the war the country whose manu- 
facturers were ready and prepared to consider intelli- 
gently the problems to be faced and to act skilfully 
in dealing with them would get a great start over the 
others. 





We are informed that the circular A.A. 50, which 
was a cause of friction between the Ministry of Muni- 
tions and the Amalgamated Society of Engineers, has 
been withdrawn. The circular in question empowered 
the recruiting authority to take skilled men from the 
factories and enlist them for service with artificer 
units. The Amalgamated Society of Engineers ques- 
tioned the methods of recruiting artificers. Friendly 
discussions on the matter are still being followed. At 
the headquarters of the Amalgamated Society of 
Engineers it was stated a few days ago that there is 
no probability of further disputes in regard to wages. 





THE BEDPLATES OF TURBINE UNITS. 
To tHe Eprror oF ENGINEERING. 

Srmr,—In reading a reprint of Mr. Chorlton’s paper 
entitled “* Notes on the Construction of Turbine Pumps,” 
read before the Institution of Mechanical Engineers in 
England—which reprint appears in the May 25 and June | 
issues of ENGINEERING—I was particularly interested in 
the following section concerning bedplates :— 


The bed and other details.—In the past less importance has 
been placed on the effect of the bedplate than is now the case, 
with the result that frequently very shallow depths were used. 
These early beds were much too weak to resist warping strains, 
due either to the unevenness of the foundation surface, the 
“pull” of holding-down bolts, or to the reaction of the torque 
from the motor end. It was a common practice to design bed- 
plates in the form of two separate horns or branches, and in this 
case deeper sections were generally eres This form of 

nst ben 


design, while undoubtedly stronger ag: ding, depends 
too much upon the skill of the plant erector and "the dity 
of the foundation always to give good results. It must be 


obvious that if fine internal clearances, such as have been dealt 
with, are an advantage, then the common base for the lot—the 
bedplate—must be of a nature to ensure the clearance remaining 
concentric and also to maintain true alig t with the operating 
motor. For these reasons deeper sections than are usual are an 
advantage. 





Mr. Chorlton’s remarks with regard to bedplates are 
most true, and he might also well have mentioned 
misalignment due to unusual pipe strains. 

As builders of turbine units we are keenly aware of 
the fact that perhaps 90 per cent. of the troubles on 
turbine units occur immediately after installation, and 
are almost invariably due to ignorance of the necessity 
of the two or more machines of the unit being in the same 
perfect alignment that they were when erected and 
tested at the manufacturer's works. In other words, 
customers are painfully ignorant of the fact that base- 
plates, no matter how heavy, are usually strained 
sufficient to cause a misalignment that is serious in high- 
speed units; and also that the piping to turbine units 
is usually relatively large compared to the size of the 
unit, and if not properly designed and erected can often 
produce strains which will cause appreciable mis- 
alignment, particularly if the pipe connections are in 
the upper part of the machine. 

The burden of educating customers to avoid these 
troubles has up to the present always been on the 
manufacturer, in addition to its being a source of great 
expense, as customers usually insist that they are 
blameless when it comes to paying the bill for realigning 
of the units and the damage done. 

I am sure that all turbine manufacturers would 
welcome any assistance the technical journals can give 
them in educating the public to avoid these troubles, 
which they can readily avoid with a little care, or at 
least more attention to instruction books than is now 
given. 

Yours very truly, 
Tue Terry Steam Tursine Company, 
N. L. Snow, Vice-President. , 

Hartford, Conn., August 30, 1917. 





“RECENT DEVELOPMENTS IN AIR 
PUMP DESIGN.” 
To THe Eprror oF ENGINEERING. 

Sir,—-I regret that an error has occurred in the text 
of my paper on “ Recent Developments in Air Pump 
Design,’’ which was read before the Institution of Ship- 
builders and Engineers in Scotland in March last, and pub- 
lished in the September 7 and 14 issues of your paper. 
This error occurs in the description of the Hick-Breguet 
Ejectair. The — of injection water used by the 
jet condenser, of which other particulars are given, is 
stated as being 94 gallons per minute. This should read 
367 gallons per minute. 

I wish to apologise to Messrs. Hick Hargreaves, Limited, 
Soho Works, Bolton, and also Messrs. La Maison Breguet, 
Paris, and shall be glad if you will kindly insert this 
letter in your paper at the earliest possible moment to 
avoid any of your readers forming an opinion which 
would be in any way detrimental to either of the above 
firms. 

Yours faithfully, 
E. Jouns. 





The Mirrlees Watson Company, Limited, Scotland-street, 
lasgow, September 15, 1917. 
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THE LATE MR. BENJAMIN WRIGHTSON 
HEAD. 


WE regret to have to announce the death, on the 
12th inst., at Westminster, in Orange River Colony, 
South Africa, where he had gone some time past 
for the benefit of his health, of Mr. Benjamin Wrightson 
Head, the fourth and youngest son of the late Mr. 
Jeremiah Head, and nephew of Sir Thomas Wrightson, 
Bart. Mr. Head was born at Coatham, Redcar, on May 
12, 1875, and received his general education at Repton 
School from 1889 to 1891. On leaving school he 
followed a five years’ course of practical engineering 
training, first with Messrs. Head, Wrightson and Co,, 
Limited, from 1891 to 1893, 
then with Messrs. R. and 
W. Hawthorn, Leslie and 
Company, from 1893 to 
1896. He then studied at 
Emma.iuel College, Cam- 
bridge University, from 1896 
to 1899, when he took a 
double first-class in the 
Mechanical Science Tripos. 
On leaving the university 
Mr. Head entered the staff 
of Messrs. Jeremiah Head 
and Son, where he assisted 
his brother, the late Mr. A. P. 
Head, and was engaged upon 
the design and construc- 
tion of steel-works plant. 
At this same period he 
spent six months in study- 
ing steel-works practice in 
the United States. From 
1901 to 1905 he was assist- 
ant to the late Mr. A. P. 
Head, becoming his partner 
in 1904. During this latter 
period the late Mr. A. P. 
Head was managing director 
and consulting engineer to 
the Otis Steel Company, 
Cleveland, Ohio, and the 
subject of our memoir as- 
sisted him in this work, 
both in England and by 
visiting America. In addi- 
tion to his connection with 
the above-named American 
company, Mr. A. P. Head 
was the senior and sole 
European representative of 
the Wellman, Seaver, Mor- 
gan Company, Cleveland, 
Ohio. Mr. A. P. Head died 
in June, 1905, and in No- 
vember of the same year the 
company Wellman, Seaver, 
Head, Limited, was formed 
to take over the European 
rights of the Wellman, 
Seaver, Morgan Company, 
who still retain an interest 
in the British company. Mr. 
B. W. Head was managing 
director and consulting en- 
gineer of the British com- 
pany, and in this capacity 
he was entirely responsible 
for all the designing and for 
carrying out all the work 
done by it since its inception. 
This well-known company 
has made a speciality of the 
designing and supply of 
improved steel-works plant 
complete, among which we 
may mention Siemens- 
Martin furnace - charging 
machines of all types; re- 
heating furnaces for all pur- 
poses; fixed, rolling and 
tilting Siemens-Martin fur- 
naces ; metal mixers of all 
capacities — in short, all 
apparatus appertaining to the manufacture of open- 
hearth steel. In the course of his career Mr. B. W. Head 
took out in his own name, or jointly with others, a 
number of useful patents. Considerable progress was 
made by the company prior to the end of 1913, and 
as the war emphasised the absolute necessity of in- 
stalling labour-saving appliances in all steel works, 
the Ministry of Munitions directed that these should 
be installed wherever possible. 

Mr. B. W. Head was an indefatigable worker until his 
health broke down ; he had asuccessful career, and it 
is to be regretted that he should have died at the early 
age of 42, just at a time when his firm is reaping 
the full reward of patience and persistent effort. He 








was a M.A. (Cantab.) and a member of the Institution 
of Civil Engineers and of the Iron and Steel Institute. 
He was also a member of several clubs, and was very 
popular among a large circle of friends and acquaint- 
ances, by whom his loss will be severely felt. In 
November, 1907, he married Miss Gladys Hamilton 
Marriott, daughter of the late Major W. H. Marriott, 
of the Devon Regiment, and leaves one son. 





THE LATE MR. PERCY GRAHAM BUCHANAN 
WESTMACOTT. 

In our last issue (vide page 265 ante) we published 

a memoir of the late Mr. P. G. Westmacott, but we 


[La fayette, 


Tae Late Mr. Percy Granam BucHaNnaN WESTMACOTT. 


were unable at the time to accompany this notice 
of Mr. Westmacott’s career by a portrait. We have 
now, however, had placed at our disposal an admirable 
photograph of Mr. Westmacott, and this we reproduce 
on the present page, feeling sure that the portrait will 
be of great interest to the wide circle of engineers to 
whom Mr. Westmacott was known, and by whom 
his valuable contributions to the developments of 
mechanical engineering are appreciated. 





THE LATE MR. FREDRIK OLE ERICHSEN. 
Mr. FreprRik OLE ERIcHsEN, whose death, we are 
sorry to see, is reported by cable from Buenos Aires, 








was born on August 3, 1869, at Newcastle-on-Tyne, 
and was the youngest son of the late Mr. Hermann 
Gustav Erichsen, director of the Great Northern 
Telegraph Company, and Mrs. Erichsen (nee Anna 
Dorothea Suhr), both of Copenhagen. He was educated 
at Rugby School, and served a pupilage of three years 
at the works of Messrs. James Simpson and Co., 
Limited, Grosvenor-road, London, 8.W., from October | 
1887, to October 1, 1890. On completing his pupilage 
he was appointed to the drawing office staff, and 
afterwards became chief of the outdoor erection 
department, in which capacity hé superintended the 
erection of many large pumping engines, both at 
home and abroad. He was also the leading expert in 
carrying out duty trials of 
all the pumping plants in- 
stalled by the firm, amongst 
the most notable of which 
may be mentioned pumping 
plants for almost all of the 
London water companies, 
besides many large plants in 
the provinces, whilst abroad, 
included in the many duty 
trials carried out by him, 
were those connected with 
the large pumping scheme 
for the Coolgardie water 
supply, consisting of eight 
pumping stations working 
under varied conditions as 
to power. By those trials 
he established the duty ob- 
tained as being in every 
way up to the specification 
of the Western Australian 
Government, which was of 
the most stringent charac- 
ter, requiring precise and 
careful tests, and the most 
close and searching inves- 
tigation of all the points 
involved in connection with 
the trials and their results. 
Economic duty trials of 
pumping plants were also 
carried out by him at the 
Kimberley water works, 
Rand Water Board, and 
other places in South 
Africa. It was whilst en- 
gaged on similar work that 
he met his untimely death 
accidentally, at the age 
of 48, at Buenos Aires, on 
the 12th inst. Altogether 
his professional career with 
Messrs. James Simpson and 
Co., Limited, would have 
extended over exactly 30 
years on October Ist next. 
Mr. Erichsen was well 
known as an expert in his 
special line of engineering, 
and he SSeSs in a 
marked degree the valuable 
trait of establishing by his 
sound and effective advice 
a cordial business relation- 
ship with all the clients 
of the firm with whom 
he came in contact. Messrs. 
Simpson, in recognition 
of his long and valuable 
services, appointed him, 
in December, 1914, a direc- 
tor of the company. 
Mr. Erichsen was highly 
respected by all who knew 
him, and will be greatly 
missed by a large circle 
of business and private 
friends. He was elected 
an associate member of 
the Institution of Civil 
Engineers in 1896, and a 
member of the Institution 
of Mechanical Engineers in 1901. He was also an 
associate of the Institution of Water Engineers. 


Photograph. 





Tue Unrrep Srares Navy Arrorart Facrory.—In 
announcing the putting down of an aircraft factory at 
the League Island Navy Yard, Mr. Daniels, Secretary 
for the Navy, recently stated that, in view of the 
enormous expansion of the aircraft industry, it was felt 
necessary to increase the Navy Department's facilities, 
not only to enable it to supply a part, at least, of its own 
needs, but also to relieve the — lants of the 
experimental developments which they have hitherto 
undertaken, and thus enable them to turn their whole 
attention to the maximum production of approved types. 
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EXPERIMENTS ON THE FATIGUE OF 
BRASSES.* 


By B. Parker Hateu, D.Sc. (Royal Naval College, 
Greenwich). 


Tue term “ fatigue” is used to describe the failure 
of metals in a brittle manner after the continued appli- 
cation of pulsating or alternating stresses. It is the object 
of this paper to describe certain experiments on the 
fatigue of brasses, which alloys have hitherto received 
less attention, in this respect, than mild and alloyed 
steels. The phenomena of fatigue, for brasses, are 
generally similar to those for mild steel. It will be 
shown that the effects of corrosion and fatigue are 
mutually associated, and that fatigue is accelerated, and 
occurs under lower stresses, when the conditions tend 
to promote corrosion. 

experiments may be-! assified under the following 
headings :— 

1. To ascertain the effects of annealing, using stresses 
alternating between equal intensities of direct pull and 

ush 


2. To ascertain the relation between the limiting 
range of stress required to produce fatigue, and the 
ratio between the maximum and minimum stresses. 

«3. To study the phenomena of elongation under 
stresses greater than the fatigue limit, but less than the 
ultimate tensile strength of the material. 

4. To study the influence upon the endurance of 
the metals under alternating stress of corrosive reagents 
in contact with the metal. 

Method of Testing.—It is not proposed to describe in 
detail the apparatus used in these experiments, as a short 
description has already been published.t A brief 
description will be given in order that the conditions may 
be compared with those prevailing in practice and 
in other “live-load”’ tests. Alternating stresses differ 
in their nature, which —_ be of direct pull and push, 
bending or torsion, and also in the mode of variation, 
which may be more or less regular, according to the 
conditions of practice, or the design and construction 
of the testing machine. 

In designing the machines used for these experiments 
the points to which the author attached chief import- 
ance were the following: (1) Variation of stress in direct 
pull and push, uniformly distributed over the cross- 
section of the specimen ; (2) regular (simple harmonic) 
time-rate of variation; (3) accurate measurement of 
the maximum and minimum stresses; (4) adjustable 
ratio between the maximum and minimum intensities. 
The following points were also held to be of practical 
importance: (5) Rapid and adjustable frequency of 
alternation; (6) permanence of the calibration constants ; 
(7) elimination of lubricated slides, external vibration, 
and noise ; (8) the use of specimens of simple but scientific 
form. / 

Fig. 1 illustrates the principle of a small machine 
intended for testing wires under pulsating pulls up to a 
maximum of 100 lb., and Fig. 2 a larger machine for a 
maximum pull or push of 1} ton, with a range of variation 
of 1} ton. The test-piece, 8, is rigidly held at its upper 
end, which can be adjusted for height to allow for elon- 
gation. The lower end is connected to the armature, A, 
of a single or two-phase electro-magnet, M or M1—M2, 
excited by alternating current from a generator giving a 
sine-wave E.M.F. It is characteristic of such a magnet 
that the pull produced, which pulsates with double the 
frequency of the electric current, is closely proportional 
to the square of (voltage + frequency), and nearly 
independent of the width of the air-gap, so long as this 
is small. In order to avoid complications, the voltage 
measured (and used as the basis of calculation of stress) 
is that induced in a small “ secondary ”’ coil containing 
only a few turns of fine wire wound on a frame close to 
the pole-faces. In the two-phase machine the pulls of the 
two magnets, M1 and M2, are equal when the magnetising 
coils are supplied with equal E.M.Fs., provided that 
the magnetic leakages from the two are alike. The 
latter condition is fulfilled when the air gaps are equal, 
and is attained by raising or lowering the upper end of 
the test-piece, and thereby the armature, until the 
currents in the two coils are equal. The range of varia- 
tion of load is then double the pull of either magnet acting 
alone, for as the two-phase ie.M.Fs. are in quadrature, 
the pull of one magnet is at its maximum when that 
due to the other is zero and vice versa. 

In standardising the machine the range of stress was 
measured by means of a standard specimen fitted with 
a special design of extensometer. The voltage and 
frequency being measured simultaneously, the calibra- 
tion constant, k, was determined from the equation 
R=k (E/f), where f is the frequency. In regular 
testing the range of stress was deduced from k, E and 
f, the last two being the only observations required. 
The constant, k (which varies only slightly), is dependent 
on both voltage and frequency, and was therefore deter- 
mined over a wide range of conditions. It is estimated 
that the range of stress can be measured within 1 per 
cent. of accuracy. 

When it was required to test a specimen under stresses 
varying between unequal magnitudes of pull and push, 
the magnets were still supplied with equal voltages in 
quadrature, and the additional pull or push was produced 
by extending or compressing a standardised spring, SS, 
attached below the armature. Thus we have— 


Range of stress = R = (P max. — P min.). 
Steady (mean) stress = 8 = } (P max. + P min.). 





_ * Paper read before the Institute of Metals, Wednes- 
aay, September 19, 1917. 

_} British Association paper, 1912, ENGINEERING, 
November 22, 1912; and West of Scotland Iron and 
Steel Institute, November 12, 1915. 





Lateral guidance for the armature and its attach- | 


and the frequency were kept constant. In comparing 
different metals, the standard frequency of 2,000 cycles 





ments is provided in the form of light steel springs, 
G-G ; es no slide bars are BoA The Pe ma 
of the guide springs also ensures absence of bending 
stress in the imen, such as otherwise might have 
been produced by any slight eccentricity of the pulls. 
The combined stiffness of the several springs is 
adjusted, according to the frequency of pulsation required 
in the test, so that the force absorbed in overcoming 
the inertia of the comparatively massive armature 
is contributed by the deflection of the springs. This 
adjustment is very desirable, since otherwise a correction 
of some 5 per. cent. would have had to be applied in 
calculating the stress range in the specimen. The 
adjustment is aay | effected by setting the springs to 
such a length that the moving system, without a speci- 
men in place, vibrates in resonance with the magnetic 
pull. No resonance exists after the specimen is inserted, 
as its stiffness is many times greater than that of the 
springs. The principles of this adjustment, as also of the 
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three different methods of calibration employed, are 
described more fully in the papers already mentioned. 

Fig. 3 shows the form of test-piece used, 4 in, in 
length, with a cylindrical mid-portion 4 in. in length, of 
jx in. to } in. diameter, according to the strength of the 
metal. The screwed -ends, of } in. diameter, run down 
to the cylindrical part in a fine taper with very smooth 
transition curves. As is well known, any sudden change 
of section tends to localise stress and thereby accelerate 
fatigue. It was found that some care was required in 
machining the specimens, to ensure that fracture occurred 
in the mid-length and not on the transition curves. 

The specimens were finished with fine emery, but were 
not lapped or burnished. Fig. 12, 317, shows the 
result of using coarse emery. Cracks developed from 
surface scratches under stresses ps em | lower than 
the normal. It appears that the current practice of 
polishing the surfaces of high-speed connecting rods— 
and other parts subjected to dangerous fatigue stresses— 
is well justified. 

In testing each metal investigated a number of 
similar test-pieces were prepared and tested under 
different ranges of variation of stress. During the life 
of each specimen the maximum and minimum stresses 





r d were adopted;; but in certain experiments 
a frequencies were employed, with results which 

ill be described. An automatic device was a 
to stop the electric generator when the test-piece was 
fractured, so that the life of the test-piece could be 
measured by counting the number of revolutions made 
by the alternator. In ordi tests, in which the 
test-pieces broke without elongation, little supervision 
was required to maintain constant voltage and frequency, 
but when the metal extended in a ductile manner con- 
tinuous attention was required to measure the elongation 
and maintain a constant width of air-gap between the 
pole faces of the magnets. 

Brasses Investigated.—The brasses used in these experi- 
ments were obtained from cx ial supplies in the 
form of }-in. bolt-staves. They were not specially 
manufactured for the purpose, and may be regarded as 


Struc- | 
| ture. | Figs.| Copper. Zinc.| Tin. Iron.) Lead. 














I. Muntz metal|a+p8| 4 58.0 | 41.2 trace 0.80 — 
II. Naval brass |a+ 8) 5 58.5 | 40.1 0.50 0.87. — 
IIL. Naval brass (a+— 6 66.3 | 32.2 1.2 — | 0.25 
V. Phosphor- | a 7 —)—- —) Kj] 

brass | 





typical of rolled and extruded brasses of their respective 
analyses, given in the above table. The characteristic 
microstructures are shown in Figs. 4 to 7, on p 316. 
Samples I and II were as received and again 
after annealing (IA and IIa); samples III and IV only 
in the condition in which they were received. 

Tensile Tests.—Tensile tests were carried out on the 
samples as received, and on the two samples Nos, Ia 
and IIa after annealing. The results are given in the 
following table :— 














Metal. | I. | Ia. | IL. | Tia. un. | IV. 
Yield, tons per square inch | 15.0 | 11.0 | 14.5 | 11.0 | 13.0 | 23.0 
Ultimate strength per 
square inch oe --| 33.3 | 26.2 | 28.7 | 26.2 | 23.2 | 28.4 
enaueen, per cent. ..| 29.7 | 28.3 | 26.8 | 30.7 | 28.0) 49.0 
Reduction of area, per cent.) 31.0 | 30.0 | 28.0 | 32.0 | 30.0 | 63.0 





Except in the case of No. IV there was little local 
elongation or reduction of area at fracture ; hence the 
percentage elongations given above are applicable for 
any gauge-length. In sample No. IV the loca] elongation 
was considerable, the total elongation, expressed in terms 
of D and L, being 39 + 100 D/L per cent., corresponding 
to 49 per cent. on 10 diameters. The stress-strain 
yeas aye for the several samples are given in Figs. 8 
to ll, 316, graphs T and T,, the latter symbol 
marking the curves for the annealed samples. 

Alternating Stress Tests.—Under alternating stresses 
varying between eS intensities of pull and push, 
with a frequency of 2,000 per minute, the behaviour 
of these brasses was very similar to that of mild steel 
tested in the same manner. The limiting fati 
stresses were, however, somewhat lower, and the senate, 
in general, somewhat more consistent between different 
specimens of the same sample. It was observed that 
the fractures were, as a rule, somewhat more regular in 
profile. 

When the range of stress was comparatively high the 
metal warmed and soon failed by cracking on a plane 
perpendicular to the axis of stress. Under lower ranges 
of stress the warming became imperceptible to the touch, 
and the endurance increased to millions of cycles before 
ee qonnees in = same brittle manner. 

ig. 13, page 317, shows the a nee of the fracture 
produced + sample No. II. yn crack traverses 
rt of the cross-section, of which the remainder has 
lly torn away in a semi-ductile manner. The 
relative areas covered by the crack and by the tear 
vary between the different samples, the ratio between 
the two being highest in Nos, I, II, IV, Ia, Ifa, lower in 
No. ITI, and lower still (about 1: 10) in certain cast 
brasses tested in a similar manner. 

Figs. 14 and 15, page 317, show the profiles of the 
cracks produced by fatigue in samples III and II 
respectively. The broken test-pieces were embedded 
in soft solder and cut so as to expose a longitudinal 
section, which was polished and etched with ammonia. 
In sample No. III the crack is rugged in profile, and 
appears to have followed the boundaries between the 
crystals. These boundaries contain an appreciable 
proportion of lead. In sample No. II the crack is 
smoother, probably on account of the finer structure, 
It is remarkable that the cracks produced in brasses 
of sound structure show the branches that are commonly 
observed in mild steel. 

Although experience shows that the development of 
cracks in marine shafting, &c., is very gradual, so that 
such shafts may safely be retained in service for some 
time after the first appearance of a fine crack, it was 
observed that under test conditions the growth of the 
crack was exceedingly — The theory of elasticity 
indicates that the rate of the growth of a crack, once 
formed, should be rapid on account of the local concen- 
tration of stress at the edge of the fissure. That this is 
not so in practice may be due to the variability of the 
stresses at work. nder the conditions of test the 
crack develops so rapidly that only in a few instances 


has it been observed prior to fracture. 

Figs. 8 to 11 show also the graphs R-Ra, giving the 
results of —_ tests. The ordinates give ranges 
of stress (double the maximum intensiti i d on 





) imp 
the specimens used in individual tests, and the abscissw 
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the endurances, in millions of cycles, elapsing prior to | 


fracture. The scale on which the diagrams are plotted | 
rend it \ ry to quote figures for the large 
number of tests carried out. The conclusions are sum- 
marised in the following table :— 


foe. | 


Range Rl .. 5 / 26.7 2 
Range R2 .. 22. 25.3 2 
Ratio z 








| | | | 
I. | TA. | Il. | Ila. Ill. | IV. 
| 





4.0 18.1 30.5 
3.6 17.5 _— 
0.458 | 0.390) 0.540 





Range Rl is that producing fatigue after 1,000,000 
cycles, and R2 that for 2,000,000. The ratio x is that 


Fic. 4. Sample I. 200. 
Fic. 6. Sample III. x 200. 
Longitudinal sections, 


between the limiting maximum stress for 1,000,000 
cycles and the ultimate tensile strength of the sample. 

The ratio between the limiting range and the yield- 
point has not been quoted, since the yield point is some- 
what indefinite in such materials. Ratios between the 
fatigue limit and the primary elastic range have also 
been omitted, since the author has not been able to 
verify any of the relations between these quantities 
hitherto suggested. 


Sample Sample 
A Vi. 


Yield-point, tons per square inch 

Ultimate strength, per square inch 

Elongation, per cent oe x 

Elastic limit, tension ; 

Elastic limit, compression 

Primary elastic range 

Range R 500,000 .. - - os . 
Range R 1,000,000 a oe a 7. 21.0 
Ratio z e - > a .210 0.328 


_ As _an illustration of the absence of direct propor- 
tionality between the limiting fatigue and the primary 
elastic range in tension and compression, a comparison 


‘may be made between two ag ah 
brasses of high tensile strengths (both sand-castings). | 


| well as for brasses;; thus the ratio z and 








The best ts obtained from these samples are tabu- 
lated at the bottom of the preceding column. 

In sample V the fatigue range has not reached its 
maximum when the endurance is 1,000,000 cycles, but is 
already less than the primary elastic range. In sample 
VI the fatigue range for 1,000,000 cycles is somewhat 
greater than the ganna elastic — 

On the whole the most regular, and certainly the most 
convenient, ratio of comparison appears to be the ratio 
between the limiting fatigue stress and the ultimate 
strength of the metal. The use of this ratio has the 


‘advantage of conveying useful information without | 


implying the existence of any definite physical relation 
between the two qualities. 


The above experiments illustrate, although they | 


Fic. 5. Sample II. = 200. 
Fic. 7. Sample 1V. x 400. 
etched with ammonia. 


cannot prove, a simple working rule which seems to 
have few exceptions—viz., that the value of the ratio z 
is highest in those metals which show considerable 
reduction of area at fracture in the tensile test. It is 
not intended to imply that a physical connection exists 
between the two, except in so far as both may be 
dependent on the same characteristics of the micro- 
and submicro-structure. The rule applies for steels as 
percentage 
reduction of area are lower in wrought-iron than in mild 
steel, doubtless on account of the presence of slag. In 


ingot iron the values of the two are higher than in either | 
of the above metals; and in alloyed steels that show | 


considerable resistance to fatigue high tensile strength is 
generally associated with great reduction of area at 
fracture. In steels tested in the manner above de- 
scribed the value of the ratio x generally varies between 
0.60 in ingot iron and the best mild steel, and 0.40 in 
high tensile and tool steels in annealed condition. 

Stresses varying between Unequal Pull and Push.— 
Sample No. Il was used in a series of experiments to 
ascertain the relation between the limiting fatigue 
range and the ratio between the (unequal) maximum 
intensities of direct pull and push. Six series of tests 
were carried out with different intensities of mean (steady) 
stress. In each series the mean stress was maintained 
constant, while the range of alternation was varied for 


1-iron | 





successive specimens. The duration of the tests lasted 
from a few cycles up to 2,000,000, and other tests were 
continued beyond this stage without fracture. The 
curves obtained, plotted as under, were found to be 


| Fig 8. 
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asymptotic to values which may be regarded as nearly 
equal to the fatigue limits below which fatigue would 
not occur after an infinite number of repetitions ©! 
stress. These values are given in the next table. _ 
These figures are plotted in Fig. 16, the abscisse 
giving the mean stress, and the ordinates, for graph R 
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the limiting fatigue ranges, and for hs M and M’ | further increased, failure occurred by ductile elongati the same elongation. The approximate locus of this 
the pec Seienaitien of pull and eal It appears | before fatigue was developed. And even in series | equivalent pulsating stress is in the diagram 

Nos. 3, 4 and 6 the majority of the specimens failed in by the curve P, somewhat below M. The ordinates 
- a ductile manner. Thus we may deduce that the yield-|of P are nearly alike for the tests with the different 
Series No. .. two-thirds of those 


4S 2. 4. | 5. | 6. | point under Begone stress is nearly the same as that 
} mi under steady stress. 
A number of experiments on the ductile elongation 


| of mild steel, copper and brass wires, under pulsation 


uencies, and are approximatel 
© curves vopuesenting the tensile tests. 
Figs. 18 and 19 summarise a number of similar tests 
on soft copper wire. As shown by the graphs Tl and 
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per square inch.. nil 4.0 | 6.23) 7.72 —3.26 —6.0| stresses, were carried out in the smaller testing machine 
Range of stress per | already mentioned. Fig 16 FATIGUE LIMITS UNDER 
square inch ee 24.0 21.0 | 19.2 | 17.5 | 27.4 29.06 | Fig. 17 represents the results obtained with a soft See UNEQUAL PULL AND PUSH. 
a 12.0\ 14.5 15.8 | 16.5 | 10.5 8.5 | brass wire (70:30), and also tensile tests on the same y U 
Maximum push material. Graphs T and T’ reproduce stress-strain a | 
stress per square diagrams for tensile tests in Professor Barr’s autographic R A 4 
ineh ee .. —12.0—6.5 —3.4 |—1.0 |-17.0 |—20.5 | testing machine. The two graphs were obtained with 2 Y’ Af | 
| fast and slow rates of loading—viz., 3.2 and 0.13 tons te + Pa 4 ' 
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Fic. 12. 
Fic, 14. 


Fracture accelerated b 
Profile of fatigue crack. 
Sample II]. x 200. 


scratches. 


that, plotted in this manner, the stresses obey a linear 
law which may be expressed as 

R=Ro—&k.S 
hence 

Mor M’ = (S + $R) =S +3(Ro — &.S). 

This result may be compared with Bauschinger’s experi- 
ments for steel, expressed by ‘“‘Gerber’s parabola.” 
For steels the graph R would be a parabola to the 
equation © 

R = Ro — k’ 82, 
passing through the point x = U, where U is the ultimate 
Strength of the material, so that k’ = Ro/U2, In the 
case of the brass investigated it appears that the graph 
R likewise passes through z = U, ne we may write 
k= R/U. But in other brasses tested by the author 
the value of k is less than the above ; that is, the lines 
M and M’ converge more steeply. It appears that the 
linear relation between R and § is common in brasses 
and may be aceepted as very nearly true. 
_ As explained, the graphs M and M’ represent the 
limiting conditions of stress above which fatigue occurs 
by the production of a brittle fracture. But when the 
range of stress is greater than that represented, and is 
combined with considerable steady pull or push, failure 
may also occur by the gradual elongation or compression 
of the specimen. The greater the mean stress, the 
narrower the zone in which brittle fracture can occur. 
t was not possible to continue the experiments beyond | 
the limits given, for when the steady stresses were 
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Face of fatigue fracture. 
Profile of fatigue crack, 
Sample II. x 200. 


per square inch per minute. The divergence between the 
two is only slight, doubtless because in such brasses the 
effects of ‘“‘after-train’’ are less than in many other 
ductile metals. 

The same material was tested under pulsating stresses 
with frequencies of 5,760 cycles and 3,600 cycles per 
minute. On account of the lateral vibration produced 
in wire specimens when the range of stress carried the 
minimum of the cycle to zero, it was found necessary to 


| maintain a certain finite minimum pull in order to obtain 


a reliable test. Under pulsating stress, as under steady 
load, the yield-point was observed to be somewhat 
indefinite. Above the yield-point, elongation was 
produced at definite stresses that could readily be 
measured. In Fig. 17 the maximum and minimum 
intensities, M and M’ (compare Fig. 1), are plotted on 
the base of elongation already used for the tensile tests. 
Comparing the curves, it seems at first sight that the 
change in frequency has produced considerable effect, 
but the difference between the maxima for the two 
frequencies may be attributed to the difference between 
the two minima employed. By varying the minimum 
while a test was in ae it was found that any 
given increment to M’ required a corresponding but 
smaller increment to M to produce elongation. Careful 
measurements showed that the increment to M was 
from one-half to one-third of that to M’. Assumin 

either of these values, we may deduce from M and M’ 
the value of an .“equivalent”’ pulsating stress which, 
with zero as the minimum of its cycle, would produce 
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T2 (the stress-strain diagrams for tensile tests with 
fast and slow rates of loading), the effects of after- 
strain are, in this metal, greater than in the brass used 
in the preceding expermments. Graphs M and M’, 
Fig. 18, represent an elongation test under pulsating 
stress. A single specimen was extended, first at 5,760 
cycles per minute, then at 3,600 cycles, and finally, to 
facture, at 5,760 cycles. Allowing for the differences 
in the minimum stresses M’, the maxima M appear to be 
closely identical for the two frequencies. e graph M 
is also plotted in Fig. 19 for comparison with the tensile 
tests. It was found that, although the yield-point 
under pulsating stress is nearly equal to that under 
steady tension, further elongation is produced with con- 
siderably less increase of load than in an ordinary tensile 
test. Aiso that the ultimate elongation produced in 
copper is greater under pulsating stress (46 per cent.) 
than in steady tests on the same material (34 per cent.). 
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Several experiments were carried out to ascertain 
whether the elongations produced by the two kinds of 
stress were of the same nature. A specimen was extended 
first under pulsating stress up to 7 per cent. strain, and 
then further tested under steady load. It was found 
that the new yield-point and the form of the stress- 
strain diagram (0, a, b,c, d,e, Fig. 19) were the same 
as if an equal percentage elongation had been produced 
by an initial steady load. Conversely, specimens 
strained initially under steady load showed the same 

ield-point and diagram under pulsating stress as if the 
initial elongation had been due to pulsating stress. 

It was suggested that the graph M, or more probably 
that corresponding to the equivalent pulsating load 
P, might constitute the limit of elongation produced 
by long-continued after-strain under steady load. A 
number of specimens were therefore loaded with different 
constant weights‘and allowed to extend during a period 
of several months. Their elongations were measured 
at intervals, and it was found that, although elongation 
continued for at least six months, it had not yet attained 
that represented by the graph M. (Cf. points f and g.) 

It is remarkable that, although some 500,000 cycles 
of stress were imposed on individual specimens in the 
course of the elongation tests above described, no 
examples of brittle fatigue were found ee in rare 
instances, at the end attachments. It ma inferred 
that when the range of stress is less than the maximum 
tension (80 per cent. to 90 per cent.), the fatigue limit 
lies above the yield-point for Ss stress. When 
the range is more nearly equal to or greater than the 
maximum intensity, fatigue occurs prior to ductile elon- 
gation. In practice, however, the actual range at 
particular points in a complex structure may be greater 
than the mean range as generally estimated, so that 
fatigue may occur although the estimated range is well 
below the maximum tension. 

Corrosion and Fatigue.—Samples Ia, III and IV were 
employed in a number of experiments to ascertain 
whether fatigue was accelerated by the presence of 
different corrosive fluids in contact with the metal 
during the test. The surfaces of the specimens were 
finished in the standard manner by grinding with fine 
emery, and a pad of cotton moistened with the corrosive 
and exposed to the atmosphere was tied round the 
mid-length of the test-piece. The pad was remoistened 
from time to time to meet the loss by evaporation. 
The stresses employed alternated between equal in- 
tensities of pull and push, with the standard frequency of 
2,000 cycles per minute. 

In one series of tests sample No. Ia was used, with 
dilute ammonia as the corrosive reagent. Three sets 
of specimens were compared, viz. :— 

(R a) Tested in air in the standard manner. 

(R 6) Tested while moist with ammonia, as above 
described. 

(Re) Tested after three hours “etching” with 
ammonia in air, followed by washing and drying to 
remove the corrosive, 

The results of these three series are given in the 
following table, and are also plotted in Fig. 8, page 316. 





Series Re. 


Series R a. | 


Series Rb. | 





Range. | Endurance. | Range. | Endurance. | Range. | Endurance. 





0.064 | 
0.088 

0.32 | 
1.22 | . 


| 


The ranges are given in tons per square inch, and the 
endurances in millions of cycles. It is clear that the 
two series Ra and Re form a single consistent graph, 
indicating that superficial etching with ammonia, when 
carried out prior to the test under alternating stress, 
does not appreciably affect the result. On the other 
hand, series Rb shows that the endurance is much 
reduced when the corrosive action of the ammonia is 
operative during the test. The form of the graph Rb 
indicates that the fatigue limit has not reached its 
minimum value even at 19 tons per square inch ; hence it 
may be expected that the continued action of the 
corrosive might produce fatigue under still lower ranges 
of stress. 

Similar results were obtained with sample No. III, 
tested with ammonia as corrosive. Tests were carried 
out in air (series R), moistened with ammonia (series R 6) 
and moistened with dilute hydrochloric acid (1 : 40) 
(series R c). 


Series R. Series R db. | 








Series Rc. 





Range. | Endurance. | Range. | Endurance.| Range. | Endurance. 


contrary, the endurances of _ anneatnn moistened with 
hydrochloric acid were generally greater than those of 
dry specimens under the same ranges of stress. 

"The phosphor-bronze (sample No. IV) was likewise 
tested with different corrosive reagents—ammonia (b), 
dilute hydrochloric acid (1: 40) (c), and sea-water (d). 


following table :— 


Series R. | Series Rb. | Series Rc. | Series R d. 


En- En- En- 
durance | Range|durance} Range} durance 


0.064 . ° 32.0 | 0. 0.352 
0.816 . ° _ 0.752 




















* Unbroken. 


Fic. 20. Longitudinal section, corroded 
valve spindle. 
Fic. 22. Sound and corroded 8 crystals, 
. mixed witha. x 200. 


The results are not quite so consistent as in the pre- 
ceding experiments with brasses; but, on the other 
hand, the difference between the ranges for long and short 
endurance is smaller. It is clear that no appreciable 
ation of fatigue has been produced by any of 





0.096 


21. 
: 0.144 


20 
9. 
9. 
8. 
7. 


v1 





* Unbroken. 


These results are plotted in Fig. 10, page 316. It is re- 
markable that although fatigue has been accelerated by 
the — of ammonia during the test, no such effect 
has been produced by dilute hydrochloric acid. On the 


the corrosive reagents employed. 

As the action of ammonia is most evident in brasses 
containi the 8 constituent and is absent in the 
phaser teenne of pure a structure, and as ammonia 


is well known as an etching reagent that attacks 8, 


produced in a + 8 brasses in the presence of ammonia 
is due to the decomposition of the 8 constituent. But 
the phenomena are not peculiar to such brasses, for the 
author has observed that fatigue is accelerated in the 
same manner in mild steel and other metals exposed to 
corrosion by acids, sal-ammoniac and salt water. Where 
the surface of the specimen has been appreciably 
hened by corrosion prior to testing, the endurance 





has naturally been reduced. But, as has been shown 


The results, plotted in Fig. 11, page 316, are given in the | 


it may be inferred that the acceleration of fatigue | 


above, this effect is generally small in comparison with 
the reduction that occurs when the surface is moistened 
with the reagent during the test. The same effect has 
been observed in practice. Thus railway carriage axles 
have been found to be particularly liable to fatigue, 
distinct from corrosion, where e to the acid 
effluents from lavatory compartments. And in marine 
experience the author has observed many instances of 
abnormally rapid fatigue in steel structures immersed 
in salt water and subject to vibration. The fracture of 
marine propeller blades may likewise, in part, be due 
to fatigue accelerated by the enhanced corrosive pro. 
perties of water containing gases in solution. Such gases 
| are doubtless liberated, in the nascent state, by the 
| sudden reduction of pressure produced near the leading 
| edge of the propeller blade. 

| On the other hand, fatigue may very readily occur 
in parts that have suffered appreciable corrosion prior to 
| the application of the stresses that effect the failure. 
| Figs. 20, 21 and 22 (below) show an example of this 
in a §-in. manganese-bronze (sea-water) valve-spindle. 
The longitudinal section, polished and etched with 
ammonia, shows that the exterior of the spindle has 
| suffered corrosion and that the affected area has reached 





Fic. 21. Fatigue crack in corroded 
metal. x 200. 

Fic. 23. Fatigue fracture of Bessemer 
steel. 


the centre of the bar. Fracture occurred (without local 
elongation) through the corroded section. Fig. 21 shows 
the extremity of one of the branched cracks, threading 
its way through the spongy copper spaces between the 
as yet unharmed a crystals. Fig. 22 shows the line ot 
demarcation between the corroded and sound areas. 
As is now generally recognised, the 8 constituent 1 
| graduall soleeel by the action of sea-water to spong) 
| copper, leaving crevices through which the water per- 
| colates into the mass. : j 
The phenomena described in the foregoing experiments 
| are distinct from those of normal corrosion, in that they 
| occur only locally and with much greater rapidity 
| Chemical action is doubtless accelerated by strain in 
the crystals, even below the elastic limit ; and the 
alternation of stress facilitates the formation of crevices 
and ee corrosion throughout the mass. It 
| is generally held that, according to the “ amorphous 
theory of ductile strain, fatigue is associated with th: 
| conversion of a portion of the metal from the crystallin 
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to the amorphous state. But it appears that this 
explanation covers only one of several possible changes 
of structure that may cause fatigue. The change of 
state involved need not necessarily be of the nature 
of an allotropic change, but may be of the nature of a 
chemical combination, leading to the formation of an 
oxide or salt. 

As the endurance under a given range of stress is 
occasionally less when the specimen is dry and exposed 
to air than when it is covered with a layer of reagent, 
it appears that the atmosphere, as well as fluid ts 
may act chemically upon the metal. The faces of the 
fatigue cracks formed in brass and in mild steel commonly 
show signs of oxidation. Fig. 23 (page 318) shows this 
effect in a specimen of Bessemer steel broken by fatigue. 
The crack ¢c in colour as it enters the metal, 
and is darkest at the starting — The colour appears 
to be due to a film of black oxide of iron, and does not 
further develop after fracture until eventually rusting 
sets in. The discoloration can hardly be due to rise of 
temperature in the ordinary sense, because the observed 
general rise was very slight. And if it were due to 
momentary rise of temperature during the process of 
fracture, we might expect the colour to grow deeper as 
the crack enters the metal with steadily increasing 


speed. 

Although the foregoing experiments raise points that 
can only be settled by further investigation, and can 
therefore only be regarded as preliminary to others in 
which a wider range of materials will be examined, it is 
hoped that they @ practical as well as a philo- 
sophic interest. The author hopes on another occasion 
to deal with the more theoretical thermo-dynamic 
considerations governing the failure of metals by elonga- 
tion and by fatigue. The. experiments have 
carried out in the Engineering Laboratories of the 
University of Glasgow and of the Royal Naval College, 
Greenwich. To eritus Professor Archibald Barr, 
D.8c., and to Professor J. B. Henderson, D.Sc., the 
author is indebted for the opportunities afforded in these 
colleges, and for encouraging interest. 





ConorETe Sarps.—A movement is on foot amon 
prominent business men of Montreal, says The Iron T' 
Review, Cleveland, O., to undertake the construction of 
concrete steamships. The formation of a syndicate to 
establish the industry has been promoted by the Atlas 
Construction Company, and it is understood that the 
necessary capital has been secured. Plans for the first 
vessel have been prepared. It will be 200 ft. in length, 
and the thickness of the hull will be from 3 in. to 5 in. 
The cost is estimated at something less than 100,000 
dols. The venture is largely experimental, and should 
it prove successful, several companies are ready to enter 
upon this line of business. 





CRACKING HyDROCARBON VaPouRS BY ELEOTRICITY. 
—We read in Electrical World, New York, that a process 
which aims to obtain by means of an electric discharge 
a greater yield of fixed gases from hydrocarbon va 
is the development of J. G. Davidson and R. W. Ford, 
Vancouver, B.C., Canada. Patent No. 1,229,042 has 
been granted covering the diseovery that by ay 
such vapours through an electric brush discharge fiel 
the amount of non-condensible gases is increased. 
actual tests it is claimed that by this process the amount 
of CH, in the gas has been increased from about 25 per 
cent. to approximately 40 per cent., while the amount 
of C, Hen was increased from between 7 per cent. and 
10 per cent. to between 20 per cent. and 23 per cent. 
Ordinarily the gas is conducted through a plurality of 
conduits femme as vertical pipes, connected at their 
lower ends to a supply header and at their upper ends 
to an outlet header, the discharge electrode being 
formed as wires hung axially in the pipes from an 
insulated support. The pipes are grounded and the 
electrodes are connected by @ wire to a mechanical 
rectifier of the usual rotary type included in the high- 
tension circuit of @ step-up transformer, the rectifier 
being connected to ground. 





Rerusge Woop as Fvuet.—Our contemporary Power, 
New York, refers to recent arrangements made for using 
refuse wood as fuel by the Oregon Power Company, 
and the Booth Kelly Lumber Company, of Springfield, 
Ore. The latter company operates a large sawmill 
and planing mill, and by means of conveyors and blower 
systems transmits a portion of the refuse wood to the 
adjacent plant of the central-station company; the 
power company pays 0.005 dols. per kilowatt-hour at the 
switchboard to the lumber company for all energy 
generated, and the lumber company in turn pays 
0.009 dol. per kilowatt-hour for the first 1,000,000 kw.- 
hour used in each current year, and 0.008 dol. per 
kilowatt-hour for all over this amount. The contract 
further calls for @ minimum usage on the part of each 
party to the agreement. For instance, the power 
company agrees to purchase sufficient fuel to generate 
® minimum of 3,000,000 kw.-hours per annum in excess 
of the amount used by the lumber company, and the 
latter agrees to use a minimum of 1,500,000 kw.-hour 
per annum to operate 76 motors in and about its mills. 
fhe steam required by the dry kilns, for heating the 
offices and operating devices about the sawmill for which 
electricity has not as yet taken the place of steam, is 
secured from the Oregon Power Company. This steam 
is used in such quantities as to require an 8-in. pipe, 
with boiler pressure of 150 Ib., to supply it, and is 
purchased at a flat rate of 45 dols. a month. In other 
words the lumber company pays 45 dols. a month for 


the use of the boil f i 
the fuel, ilers of the power company and furnishes 





A COMPARISON OF THE ACTIVATED 
SLUDGE AND THE IMHOFF TANK- 
TRICKLING FILTER PROCESSES OF 
SEWAGE TREATMENT.* 


By Harrison P. Eppy.t{ 
(Concluded from page 290.) 


Activated Sludge Plant.—The estimated cost of the 
activated sludge 7 is given in Table 2. In addition 
to the features already described, it will be. noted that 
several items have been included to make the plant 
complete. As stated in the case of the trickling-filter 
plant, the item of 25,000 dols. for land includes about 
117 acres. It may not ultimately prove necessary to 
isolate the activated sludge plant, in which case a credit 
in favour of this plant should be made on account of the 
small area of land required. In this case, as in the other, 
15 per cent. has been added to cover the cost of adminis- 
tration and engineering charges. It will be seen that 
the total cost of the activated sludge plant is 313,880 
dols., which for a population of 55,000 persons is 
equivalent to 5.71 dols. per capita, and 57,100 dols. per 
1,000,000 gallons per day. 


TABLE 2.—Estimated Cost of Activated Sludge Plant. 





Unit Cost, exclud- 














ing Engineering 
Cost, and Adminis- 
Excluding tration. 
ineer- 
ing and 
Adminis- Per 
tration. Per {1,000,000 
Total. | Capita. | Gallons 
per Day. 
Grit chamber and screen 10,000 0.18 1,818 
Venturi meter and chamber 3,000 0.05 546 
Sewage aeration tanks .. --| 78,100 1.42 14,200 
Sludge aeration tanks, including 
air lifts .. es ea ++] 17,500 0.32 3,180 
Sedimentation tanks, including 
air lifts .. on <* 8,300 0.15 1,510 
Air compressing equipment 22,600 0.41 4,110 
Air meters—two .. ve 700 0.01 127 
Air washer—one . ° od 600 0.01 109 
Power-house ee ee -+«| 29,700 0,54 5,400 
Sludge beds, including under- 
drains .. ee ee os 31,400 0.57 5,710 
Conduits, pipe lines and overflow 10,000 0.18 1,818 
Effluent drain .. ée o* 1,300 0.02 23 
Roadways sy - ee 8,300 0.15 1,510 
Laboratory building and equip- 
ment... ee - --| 15,200 0.28 2,760 
Grounds, trees, planting, &c. .. 1,700 0.03 309 
Miscellaneous work, 4 per cent. 
of total, excluding land aa 9,540 0.17 1,735 
Land ee ee oe ‘eo ,000 0.45 ,540 
Total ool ‘ -+«| 272,940 4.94 49,618 
Add 15 per cent. for engineer- 
ing and administration on 40,940 0.77 7,482 
Grand total 313,880 5.71 57,100 











For 55,000 persons = 5.71 dols. per capita. 
For 5,500,000 gallons per day = 57,100 dols. per 1,000,000 


In gallons per day. 


Cost or OPERATION. 


Trickling-Filter Plant.—An estimate has been made 
of the cost of operation of the trickling-filter plant, based 
principally on the experience at Fitchburg for the years 
1915 and 1916. From data furnished by David A. 
Hartwell, chief engineer, deductions have been made for 
certain expenditures pertaining to gonstruction rather 
than operation. The items for 1916 (with estimates for 
November, the last month of the fiscal year) are shown 
in Table 3, from which it ie that the total cost of 
operation has been 11,250 dols., which is equivalent to 
10.28 dols. per 1,000,000 gallons treated, averaging 
3,000,000 gallons per day, or 35 cents per capita, on a 
basis of 32,500 persons actually connected. The total 
population in 1915 was about 39,656. 

imilar figures for the Gloversville trickling-filter 
plant, obtained through the courtesy of Harry J. Hammer, 
city engineer, show the following costs of operation per 
1,000,000 gallons of sewage treated :— 


Annual Cost of Operation. 
Per Million Per 
Gallons Treated. Capita. 

Dols. 


Year. Dols. 
1913... ane oot 5.16 0.24 
R924 .., — ose 5.92 0.27 
1915 ... nas 5.72 0.26 


It should be stated here that these expenditures are 
limited to the barest necessities. No chemical super- 
vision nor other refinements which can be avoided are 
permitted. 

The estimate of annual operation cost of the hypothe- 
tical Imhoff tank-trickling filter plant to serve a popula- 
tion of 55,000 is given in Table 4, 


TaBLe 3.—Estimated Annual Cost of Operation of Fitch- 


burg, Mass., Imhoff Tank-Trickling Filter Plant, for the 
Year 1916. 


Dols. 
General, including administration , 
Laborato: ai ah eet OT 
Grit chamber... ose eee ote 900 
Imhoff tanks... on one ae 1,700 
Trickling filters ove ove one 1,100 





* Paper (somewhat abbreviated) read before the 
Western Society of Engineers, U.S.A. 
t Of Metcalf and Eddy, Boston and Chicago. 
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Dols. 

Sludge beds eve oe ose és 800 
Care of grounds wen ate soe 1,250 
Miscellaneous... a - ome 1,100 
Totdl. sas se «» 11,250 


3,000,000 gallons per day = 1,095,000,000 gallons 
treated = 10.28 dols. per 1,000,000 gallons, 
32,500 persons = 0.35 dols. per capita, 
TABLE 4.—Zstimated Annual Cost of Operation of Typical 
Imhoff Tank-Trickling Filter Plant. 





General, including administration... 2,200 
Laborato oe eb a soe 1,700 
Grit chamber... aoe aos Sie 1,650 
Imhoff tanks... sie sab re 3,120 
Trickling filters 3 eas ide 2,020 
Secondary tanks oak wap 26a 1,650 
Sludge beds sad tee ne dos 1,470 
Care of groun: ace oes ove 1,250 
Miscellaneous... bs i tte 2,020 

Total we . --- 17,080 


5,500,000 gallons per day = 2,005,000,000 gallons 
treated = 8.50 dols. per 1,000,000 gallons. 
55,000 persons = 0.31 dols. per capita. 


Activated Sludge Plant.—The estimated annual cost 
of operation of the activated sludge plant is shown in 
Table 5. Nearly half of the annual operating cost is 
for electric power, required for compressing the air. It 
was estimated that in atidition to the air required for 
sewage aeration, one-fifth as much would be required for 
sludge re-aeration and for operating the air-lift _—-. 
The total annual cost of operation amounts to 40,140 
dols., which is equivalent to 20 dols. per 1,000,000 gallons 
treated, or 73 cents per capita, on 55,000 persons. 

The item for power is estimated on the assumption 
that it can be obtained at 1 cent per kilowatt-hour. For 
many places this is a low price, while for others it is high. 
Surely it is low enough for use in computing the cost of 
power in most places upon a project which is to be 
operated for a generation in the future. 

TaBLe 5.—EHstimated Annual Cost of Operation of 
Typical Activated Sludge Plant. 








Annual 
Cost. 
Item. Dols. Dols. 
General, including administra- 
tion ... eee ove eee 2,200 
Laborato eee ose ose 1,700 
Grit chamber... ene seo 1,650 
Tank treatment— 
One engineer foreman at 4 
dols. per eight-hour day, 
312 days... ove «» 1,248 
Three engineers at 4 dols. ... 3,744 
Four labourers at 2.50 dols.... 3,120 
Repairs ose ose -- 1,278 
9,390 
Sludge drawing and disposal-— 
Foreman, part time ... eco. OTS 
Two labourers at 2.50 dols., 312 
dayseach ... oe .. 1,560 
One team at 6 dols., 312 days 1,872 
Supplies and repairs -- 603 
—--- 4,410 
Electric power at 1 cent. per 
kilowatt-hour... ine ans 17,040 
Care of grounds oot ose 1,250 
Miscellaneous ... nae geé 2,500 
Total oee 008 -» 40,140 


5,000,000 gallons per day = 2,005,000,000 gallons 
treated = 20 dols. per 1,000,000 gallons. 
55,000 persons = 0.73 dols. per capita. 


Comparison oF Costs. 

For the final comparison of costs the interest and 
depreciation have been computed for both plante, gnd 
the total annual cost, made up of operating expenses and 
interest and depreciation, has been capitalised at 4 — 

he 

















cent. and added to the construction cost, Table 6. 
TaBre 6.—Comparison of Costs of Imhoff Tank-Trickling 
Filter Plant and Activated Sludge Plant. 

Trickling- | Activated 
Item. Filter Sludge 
Plant. Plant. 
Dols. Dols. 
Operating expenses - aa od 17,080 40,140 
Interest and depreciation* és és 26,760 19,780 
Total annual cost of treatment ee 43,840 59,920 
Total annual cost of operation per 
a oe ee ee ae 21.84 29.85 
Total annual cost of operation per 
capita 7 cr ne 0.80 1.09 
Expenses capitalised at 4 per cent. -~| 1,006,000 | 1,498,000 
Construction cost .. ike ie : 431,710 313,880 
Total an os ou -+| 1,527,710 | 1,811,880 
Difference .. oe os es os -- 284,170 











* Interest at 4 per cent.—depreciation sinking fund at 2} per cent. 


result is decidedly in favour of the Imhoff tank-trickling 
filter plant, in spite of the fact thet the estimates of 
operation of the activated sludge plant have been kept 
low, probably lower than is justified, that there might 
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be no danger of or this cost to the disad greeny of 
the new process. To eliminate this difference it will be 
necessary to decrease the operating expenses of the 
activated sludge treatment by about 11,000 dols., or 
to decrease them a portion of this amount and, in 
addition thereto, to decrease the construction cost 
materially. 

A reduction in the price of power from 1 cent to 
0.6 cent per kilowatt-hour, the price at which it is 
estimated power can be purchased at Milwaukee, would 
effect an annual saving of 6,816 dols. Fora re? only 
large enough for 55,000 persons it is doubtful if power 
below 1 cent per kilowatt-hour can be procured in many 

laces. 
It is not unlikely that improvements in the methods of 
diffusion and of holding the air for e longer time in 
contact with the a may result in a decrease in the 
quantity of air required. This would result in a decrease 
in cost. 

At the present time much attention is being given to 
methods of converting the sludge into marketable 
fertiliser. There is reesonable agreement among in- 
vestigators that activated sludge contains a greater — 
portion of fertilisi ingredients than the sludges 
obtained from most other processes of sewage treatment. 
If the sludge can be converted into commercially dry 
powder containing = By per cent. moisture, there is 
good evidence of a market for it at a moderate price. 

If the cost of preparation and sale of sludge should be 
no more than the return from such sales, the reduction 
in the foregoing estimates of operation and construction 
would be 5,030 dols. and 36,000 dols. respectively. 
If this process should be even more successful and a net 
profit of 2 dols. per ton or, say, 1 dol. per 1,000,000 
gallons, should be derived, the saving thus effected 
would amount to :— 

Dols. 
2,007.50 


Profit on sludge 


Cost of sludge disposal as per pre- 


vious estimate aie es ial 5,030.00 
Interest and depreciation on sludge 
beds... me ine it 2,270.00 


Total 9,307.50 


In addition to this annual saving there would be also 
the saving in investment cost of 36,000 dols. 

Even this profit and saving would not be enough to 
reduce the cost of the activated sludge process to that 
of the Imhoff tank-trickling filter process, but the net 
profit of 1 dol. per 1,000,000 gallons may be substantially 
exceeded. In any event this subject should receive, 
as indeed it is receiving, most careful investigation. 

It may be argued that greater economy will be ible 
in the large plants than in the typical, plant designed 
to serve 55,000 persons. This is undoubtedly true, 
but it is also true’ of the -trickling-filter plant. The 
proportionate saving in the cost of the activated sludge 
plant, however, may be somewhat greater. 

Further development, particularly in the direction 
of reducing the quantity of air required and improving 
means of distribution, may t in a reduction of 
construction cost. It seems more probable, however, 
that the cost of construction will be increased, and in 
any event there should be no reduction in construction 
cost at a sacrifice in efficiency. 

In spite of the fact that it appears to be somewhat 
more expensive than other processes, the activated sludge 
treatment should not be rejected on the ground of cost 
without giving full consideration to its advantages. 
It may be that as an oxidising process it will always be 
more expensive than the trickling filter, but it may have 
advantages more important than this disadvantage. 


ADVANTAGES AND] DISADVANTAGES OF THE Two 
PROCESSES. 


Relative Areas of Land.—If it be assumed that the sludge 
from the activated sludge process is to be dried and 
disposed of by means of elu beds, the total area of 
land used for the activated sludge plant will not differ 
greatly from that actually used for the trickling-filter 

lant. 

" he areas utilised for several trickling-filter plants, 
including a reasonable allowance for aie, drives and 
general purposes, are shown in Table 7. 


TABLE 7. 





Area 
of Land 
uired 
for Plant. 
Acres. 





11.8 
19,0 
13.5 


11.8 -75 














* Original design ; only one-half plant built. 


The estimated area required for the typical activated 
sludge t is 10 acres, or nearly 2 acres less than that 
requi for the typical trickling-filter plant. If some 
other form of sludge disposal were used, the area would 
be materially reduced. In the second annual report 
of the Milwaukee Sewerage Commission it is stated 
that the ground area required for the Milwaukee activated 
re plant is O.4acre. This plant is capable of treating 
1,620,000 gallons of sewage per day, but the area given 
makes no provision for sludge disposal, and practically 
nothing for walks, drives and other features to be 
expected in an ordinary, complete plant. As already 
stated, the activated sludge plant may have some 





advantage in not ponsiring as much land for isolation as 
the trickling-filter plant. The corresponding reduction 
in cost would be to the advantage of the former. 

Loss of Head Necessary in Plant.—One of the important 
advantages of the activated sludge process is the small 
loss of head required for the passage of the sewage 
through the plant. The resulting saving in cost of 
sewerage works such as pumping stations and long 
outfall or intercepting sewers may be sufficient to make 
the adoption of the activated sludge process imperative. 
The amount. of head lost in several trickling-filter plants 
is shown in Table 8. 


Tasie 8.—Head Lost in Trickling-Filter Plants. 


Head Lost. 
Location of Plant. 
Columbus, Ohio... 
Fitchburg, Mass. 
Gloversville, N.Y. iad née = 
Schenectady, N.Y. (original design) ... 
Schenectady, N.Y. (actual construc- 
tion) ... ove es 

Washington, Pa. 
Philadelphia, Pa. ann a we 
Atlanta, Ga., Peachtree Creek Works 


* Actual is 42.1 ft., due to topography. 


From this table it will be seen that the head required 
for a trickling-filter plant varies from 14 ft. to a little 
over 25 ft. The Milwaukee 1.62 million gallon plant 
requires 0.3 ft. between the inlet to the sewage aeration 
tanks and the outlet of the sedimentation tank. In 
addition to this some loss should be added for the grit 
chamber and screens, but, in any event, a total loss of 
1 ft. to 2 ft.. would appear to be ample. 

Odours.—There is some sentiment hostile to an Imhoff 
tank-trickling filter plant because of the -fear of the 
dissemination of objectionable odours. That objection- 
able odours are noticeable in the immediate vicinity of 
such plants cannot be denied. On the other hand, there 
is good evidence that they are not noticeable except 
very close to the treatment plants. 

The activated sludge plant appears to have some 
advantage in this direction. Odours may be noticeable 
in the immediate vicinity of the aeration tanks, and it is 

ible that objectionable odours may be given off 
— some portions of the sludge-drying and handling 
rocess, whatever it may ultimately be. It is probable, 
owever, that the danger from this source will be less 
than from the Imhoff tank-trickling filter plant. 

Moth Flies.—The moth flies, so prevalent at certain 
seasons of the year, are quite objectionable close to the 
filters, although they are rarely found more than a 
few hundred feet away from them. While this cause of 
annoyance may be kept under reasonable control, it is 
doubtful if it can be wholly eliminated. The activated 
sludge plant does not seem to be a suitable breeding 
ground for these pests, and therefore has an advantage 
over the filter. 

Quality of Effluents.—There is no doubt that the 
activated sludge process is capable of producing a more 
highly oxidised effluent than the trickling filter, as 
colinacily built and operated, that it will eliminate a 
much greater proportion of bacteria, and that in appear- 
ance its effluent will be decidedly superior to that of the 
filter. This is a marked advantage under certain 
circumstances, but these facts alone should not be 
allowed to control in the adoption of a more expensive 
process when the accomplishments of the trickling 
filter answer all purposes. 

Such a course would be like purchasing an article 
one does not want simply because it is cheap. 

Complexity of ‘Activated Sludge Process. — A dis- 
advantage of the activated sludge process in the minds 
of many who have studied it is its apparent complexity 
and need for careful and skillful supervision. While 
it has been contended by some that this process is 
exceedingly simple, and one which can be operated by 
a workman of ordinary intelligence, the consensus of 
opinion appears to be to the contrary. The author’s 
experience in operating several small experimental plants 
leads him to feel that of all processes of sewage treatment 
in practical use in this country to-day this is by far the 
most difficult to operate, and that it will require the 
skill of a well-trained engineer or chemist to ensure 
continued satisfactory results with it. 
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Tue Aoctivatep StupGe TREATMENT oF INDUSTRIAL 
WASTES. 


Many of the problems of industrial wastes treatment 
are similar in character to those of the treatment of 
municipal sewage. Most of such wastes contain organic 
matter, which must be oxidised by bacterial action before 
they can properly be discha: into small watercourses, 
or into other waters where dilution is restricted. 

Where wastes are free from chemicals inimical to 
bacterial life, the organic matter contained in thém can 
be oxidised by the rag mgs drape: of sewage treatment. 
The trickling filter has m repeatedly found to be 
capable of carrying on such oxidation. 

ring the t year investigations have been made 
under the writer’s direction of the activated slu 
process as a means of oxidising the organic matter in 
tannery, paper mill and woollen mill wastes. All of the 
tests have met with some d of The t 'y 
wastes appear to be particularly well adapted to this 
treatment. 

_ At a sheepskin tannery, where the wastes are several 
times as strong as ordinary municipal sewage, a satis- 
factory effluent, entirely stable, free from suspended 
matter, and with very slight turbidity, was produced 
with the expenditure of 10 cub. ft. of air per gallon of 
wastes. The period of aeration was 12 hours, and in 
the winter the wastes were artificially heated to about 








70 deg. F. to facilitate the tests. | Whether or not it wil! 
be necessary always to heat the wastes during winter 
has not been determined, but it is not anticipated. 

The woollen-mill wastes were very susceptible to the 
activated sludge treatment. A clear, stable effluent 
ean be produced, but the quantity of air which will be 
necessary to achieve this result has not yet been 
determined. 

Conclusions.—At the present time it appears that 
the Imhoff tank-trickling filter process is a less expensive 
means of oxidising the organic matter of sewage and 
industrial wastes than the activated sludge process, 
where oxidation alone is considered. If the areas of land 
required for isolation, the loss of head in the plant, the 
danger of objectionable odours and of the fly annoyance, 
and other disadvantages of the trickling-filter process 
are of marked gms in any specific case, the balance 
may be decidedly in favour of the activated sludge 
process, even in its present state of development. 

The activated sludge — should receive, and is 
having, much study. There are many problems con. 
noose with it which may be solved in such a way as te 
put it in a much more favourable position. It is to be 
seriously hoped that investigations will go forward 
until the process is thoroughly perfec In the 
meantime, also, further attention should be given to 
improvement in the design and operation of the older 
processes of sewage treatment. 








IssuE oF Frencu Import LicENcEs In LonpDon.— 
With reference to the recent announcement as to the 
issue of licences for the importation into France of geods 
of British origin, the Board of Trade notify that the 
French Customs Office at Bank Buildings, Kingsway, 
London, W.C. 2, is now prepared to receive applications 
from exporters in this country for French import licences 
in respect of those classes of goods for which it has been 
arranged that licences shall be issued in this country 
instead of in France. Applications, which must be in 
the prescribed form, should be made direct to the French 
Customs Office in London, and must be supported by a 
certificate issued by a Chamber of Commerce certifying 
that the goods are the produce or manufacture of the 
United Kingdom. Full information regarding the 
procedure to be adopted may be obtained from the 
office above-mentioned or from the Commercial Depart- 
ment, Board of Trade, Gwydyr House, Whitehall, 
8.W.1. A detailed notice will appear in the forthcoming 
issue of The Board of Trade Journal, and advance copies 
of this notice have been furnished to the Chambers of 
Commerce throughout the country. 


Braziuian Zrrcon.—We read in The Iron Age that the 
American Consul-General reports to the Department of 
Commerce that Brazilian zircon appears to be becomi 
more and more a marketable product in the Unit 
States. An American company, he writes, is said to be 
offering it in Rio at 50 dols. to 60 dols. per ton. His 
report says: Zircon is used chiefly in the manufacture 
of refractory crucibles and for the refractory linings of 
furnaces. Silicate of zirconia, the mineral known as 
zircon, is found in small crystals mixed with monazite 
in the sands out of which the Brazilian monazite is 
washed. In the process of recovering monazite from 
these sands the zircon and the ilmenite (black oxide of 
titanium and iron) are separated. As the ilmenite has 
apparently no commercial value it is thrown away, 
but according to exporters, zircon can be marketed at 
50 dols. a ton with a small profit, in spite of high freight 
rates. With the present electric separating machines 
it is practically impossible to remove all the monazite 
from the zircon, and a residium of 2 per cent. to 6 per 
cent. of monazite is bound, it appears, to remain with 
the zircon. This percentage, it is claimed, is irrecover- 
able, and has -practically no value. Jt is stated that 
increasing quantities of zircon exports may be expected 
from Brazil, provided this article is not too heavily 
burdened with customs duties in the United States and 
is classified as zircon and not as monazite. 


WALL STREET, New YorK, AND THE IRON MARKET.— 
Every now and then, says The Iron Trade Review, 
Cleveland, Ohio, Wall Street essays to pass its judgment, 
according to its own standards, upon some phase or 
development of the iron and steel industry. Such @ 
demonstration was given during the past week (August 5 
to 12), when a report was spread broadcast that the 
Government had fixed upon 27.50 dols. as the price 
which it would pay for pig-iron. This was a figure 
below the cost of production, so the report ran and 
therefore revealed a most unfavourable state of affairs 
for the manufacturers. Iron and steel security values 
registered a severe swamp. Wall Street forgot, or did 
not want to recall, that only a few days before it had 
judged as gratifying the Government announcement that 
its purchases would allow fair and resonable profits to the 
iron and steel manufacturer. The truth is that the 
Government had bought. several thousand tons of 
foundry iron to be split up among many producers ; 
that a price of 27.50 dols. does accompany the purchase, 
but only as an initial price which is subject to change, 
depending upon the cost determination of the Federal 
Trade Commission investigation, and that the producers 
and the Government are co-operating freely on a basis 
of mutual confidence in each other’s fairness. There is 
no danger of the pig-iron maker being forced to accept 
orders below cost, and the Government's fixing of costs 
is to include a reasonable profit over production charges. 
All of which goes to show, adds our contemporary, that 
as a medium for accurate dissemination interprets- 
tion of iron and steel news, Wall Street is about. the last 
place in the world for the industry to go. 








